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The virus etiology of the nonbacterial conjunctivitis of the new- 
born known as inclusion blennorrhea (Lindner?) was confirmed in a 
former report;* in this paper evidence was presented to indicate that 
the basophilic cytoplasmic inclusion bodies (Stargardt*) were virus 
colonies similar to those in psittacosis * and of the same general nature 
as those in vaccinia-variola,> fowlpox,® molluscum contagiosum* and 
infectious ectromelia. Bacteria-free filtrates were infective, and infec- 
tivity was shown to be dependent on the presence of elementary bodies. 
The etiologic identity of inclusion blennorrhea and the nontrachomatous 
inclusion diseases of the adult (inclusion conjunctivitis and swimming 
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pool conjunctivitis) was accepted on the basis of evidence derived from 
transmission experiments. 


INCLUSION BLENNORRHEA 


Observations have been made in 8 additional cases of inclusion 
blennorrhea, bringing the total number to 19 cases. Five of the babies 
were delivered in the hospital, while the other three were delivered 
outside and were admitted for the treatment of suspected gonorrheal 
ophthalmia. 

Bacteriologic Findings —As indicated in table 1, in 5 cases there was 
no secondary infection. In 3 cases infection with Staphylococcus 
aureus was shown, but after treatment with a 0.5 per cent silver nitrate 
ointment the organisms disappeared within a few days. 

Clinical Characteristics —The clinical picture of inclusion blennorrhea 
was described in the first report;* in the 8 additional cases no new 
peculiarities were offered. In cases 12, 13, 16, 17 and 19 the disease 


TasLeE 1.—Bacteriologic Findings in Eight Cases of Inclusion Blennorrhea* 








No. of Examinations Findings 
C. xerosis, Staph. albus 
No growth 


C. xerosis, Staph. albus, Staph. aureus 
Staph. aureus 


Staph. aureus, C. xerosis, Staph. albus 
C. Hoffmanni, 1 examination; no growth, 
2 examinations 





* Examination was made by means of smears and cultures. The technic employed has 
previously been described.? 


was severe, simulating gonorrheal ophthalmia; it was bilateral from 
the onset; the discharge was purulent and profuse and transitory 
pseudomembranes were noted during the first week of the illness. The 
acute stage was superseded in ten days or two weeks by the chronic 
stage, which did not appear to differ from the chronic stage of the 
milder forms. In cases 14 and 15 the condition was mild and not 
readily distinguishable from catarrhal conjunctivitis caused by Diplo- 
coccus pneumoniae and Staph. aureus. Severe early infiltration of the 
conjunctiva of the lower lid in inclusion blennorrhea might perhaps have 
constituted a differential sign, but similar infiltration has been observed 
occasionally in cases of conjunctivitis secondary to dacryocystitis in 
the new-born.® 

In case 18 unilateral infection occurred in a premature Negro baby, 
who had a benign hemorrhagic disease of the new-born. The con- 
junctivitis was extremely mild, with slight infiltration, and resembled 
the less severe forms of staphylococcic conjunctivitis. 


9. Thygeson, P.: Conjunctivitis of the New-Born, Thesis, American Ophthal- 
mological Society, 1936. 
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It is obvious, therefore, that inclusion blennorrhea cannot be diagnosed 
accurately on the basis of the clinical signs alone. Axenfeld '® has 
emphasized correctly the importance of a search for inclusion bodies 
in every case of conjunctivitis of the new-born. 

Changes in the cornea were absent in all the cases. 


Infection of the Upper Respiratory Tract.—In cases 12 and 14 
severe and persistent infections of the upper respiratory tract developed. 
In an effort to determine whether the infection in case 14 was caused 
by inclusion virus, smears were made repeatedly. No inclusion or free 
bodies were found. 


Absence of Gonococcic Infection.—The relative efficacy of the Credé 
method of prophylaxis as employed in this institution (instillation of 
a 1 per cent solution of silver nitrate into each eye immediately after 
birth, followed in four hours by a second instillation) is well shown 
by the fact that unilateral gonorrheal ophthalmia developed in only 1 
of the 2,170 infants born during the period of this study. 

It is interesting to note that there was no evidence of mixed inclusion 


infection in 4 infants and 6 adults admitted to the hospital with gonor- 
rheal ophthalmia. 


Monocular Inclusion Blennorrhea.—In cases 15, 16 and 18 the infec- 
tion was monocular at birth, but it eventually became bilateral in all 
instances. In no instance did the second eye become involved in less 
than six days. Monocular involvement has generally been mild. 

Significance of the Formation of False Membranes.——tLindner,"' 
Aust ** and Lumbroso ** have called attention to the fact that scar tissue 
may form in cases of inclusion blennorrhea. Aust stated that the type 
of scarring cannot be confused with that in trachoma but that it is 
comparable to the form seen in cases of gonorrheal ophthalmia in which 
pseudomembranes have been present. He found also that scars developed 
only in the cases of inclusion blennorrhea in which pseudomembranes 
occurred. It was his belief that scarring is the result of the intense 
inflammatory process and not of a chronic scar-producing agent, as is 
true in trachoma. As evidence in support of this hypothesis he cited 
the fact that in cases in adults, in which the condition is never asso- 


ciated with the formation of pseudomembranes, clinical scarring never 
develops. 


While transitory pseudomembranes were present in approximately 
half the cases in this series, no gross scarring was found in any of the 
4 infants who were under observation until healing had occurred. 


. Axenfeld, T.: Die Aetiologie des Trachoms, Jena, Gustav Fischer, 1914. 
. Lindner, K., cited by Aust.?? 
. Aust, O.: Beitrage zur Trachomforschung, Arch. f. Ophth. 123:93, 1933. 


. Lumbroso, U.: Etudes sur la blennorrhée granuleuse, Arch. Inst. Pasteur 
de Tunis 22:513, 1933; 28:60, 1934. 
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Duration of the Disease -——Owing to the fact that none of the infants 
lived in Iowa City, it was impossible to observe the disease throughout 
its entire course. The observations which were made, however, are 
recorded in table 2. 

Summary.—Eight additional cases of inclusion blennorrhea, differing 
in no essential way from the 11 previously reported, are described. In 
3 of the 8 cases temporary secondary infection with Staph. aureus was 
present. In 11 cases of gonorrheal ophthalmia in infants and adults 
no complicating infection due to inclusion virus existed. Inclusion 
blennorrhea may heal without gross scarring. No pathologic changes 
in the cornea were encountered in any case in this series. 


TaBLeE 2.—Clinical Course of Inclusion Blennorrhea in Eight Infants 








Age at Last 
Case Examination Condition at Last Examination* 


7 16 months onion: secretion disappeared a few months after onset of 
sease 
14 months Reported as without symptoms 

11 17 months Reported as without symptoms 

12 7 months Slight activity; mild follicular hypertrophy and infiltration of 
fornices; slight secretion; H. influenzae recovered in cultures 

13 9 months Healing; secretion disappeared at end of second month 

14 8 months Healing 

17 5 months Disease active; moderate papillary hypertrophy and infiltration 
of the entire conjunctiva; D. pneumoniae recovered on culture 

18 4 months Healing; secretion disappeared during first month 





* No scarring or changes in the cornea were noted in any case. 


INCLUSION CONJUNCTIVITIS OF THE ADULT 


The occurrence of benign nonbacterial conjunctivitis of the adult, 
characterized by the presence of the Prowazek-Halberstaedter ** type 
of inclusion body, has been signaled by numerous observers throughout 
the world. The communicability of the disease is slight. Many cases 
have occurred in which there was no known contact with the disease, and 
in the mild epidemics originating from infection in swimming pools 
direct transfer has been extremely rare. 

The disease generally appears as a follicular conjunctivitis of acute 
or subacute onset, but papillary hypertrophy sometimes predominates. 
The incubation period is approximately seven days, as calculated from 
the time of infection of the second eye in cases of monocular onset, 
from the intervals after exposure in cases in which the disease 
originated from infection in swimming pools and from the experimental 
inoculaticns of Hartmann,’® Kalt '* and others. The duration of the 
infection is usually from three to six months; it is never less than one 


14. Halberstaedter, L., and Prowazek, S.: Zur Aetiologie des Trachoms, 
Deutsche med. Wchnschr. 38:1285, 1907; Arb. a. d. k. Gsndhtsamte. 26:43, 1907. 

15. Hartmann, E., quoted by Morax.17 

16. Kalt, M.: Bull. Soc. d’opht. de Paris, 1922, p. 99. 
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month and rarely more than a year. Moderate swelling and tenderness 
of the preauricular gland are frequently observed. While the disease 
is often confused with trachoma, particularly in the early stages, it 
can be distinguished from it by the predominant involvement of the 
lower lid and by the absence of pannus and cicatricial complications. 
Concurrent infections of the upper respiratory tract are often noted. 
The literature on this disease has been reviewed in monographs by 
Morax *? and Aust.’* 

Inclusion conjunctivitis is not uncommon in the United States, but 
it has been the subject of few reports. An epidemic of acute con- 
junctivitis, apparently originating in a public swimming pool in 
Philadelphia, was described by Brown.'* A total of 500 cases were 
observed, but in only 110 was the infection directly traceable to pools. 
The disease appeared to be highly communicable, and direct evidence 
of spread from person to person was found in 60 instances. The incu- 
bation period as determined by involvement of the second eye in cases 
of monocular infection appeared to be from twelve to twenty-four 
hours. . The clinical appearance was that of ordinary pink-eye: intense 
bulbar conjunctivitis and profuse discharge. Healing was rapid with 
treatment. Koch-Weeks bacilli were noted in about one-half the cases 
in which examination was made; there was no attempt to find inclusions. 


In only 26 cases was there noticeable follicular hypertrophy of the 
conjunctiva of the lower lid. It is apparent from the clinical description 
in these cases that the majority of the infections were due to the Koch- 
Weeks bacillus; the possibility that some cases in which conjunctival 
follicles were present might have been instances of inclusion conjunc- 
tivitis cannot be excluded. 


Gradle *® reported 18 cases of typical swimming pool conjunctivitis 
characterized by negative bacteriologic findings and the presence of 
inclusions in the 9 cases in which examination was made. The disease 
was bilateral; however, there was an occasional case of unilateral 
involvement which became bilateral within a week. Moderate photo- 
phobia, a small amount of mucopurulent secretion, particularly at night, 
and slight edema of the lids were present. The tarsal conjunctiva was 
slightly swollen and roughened, with the individual vessels coarsely 
injected. No distinct follicular hyperplasia occurred. The conjunctiva 
of the transitional folds was distinctly swollen, with a smoother surface 
and a deeper red color than normal. On eversion of the lid, the con- 
junctiva presented the ruga-like appearance characteristic of the mucosa 
of the rectum. The caruncle participated only slightly in the injection, 


17. Morax, V.: Les conjonctivites folliculaires, Paris, Masson & Cie, 1933. 
18. Brown, E.: M. Rec. 86:236, 1914. 


19. Gradle, H.: Swimmers’ Conjunctivitis, Ophthalmology 12:652, 1916. 
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and the cornea was normal. On treatment with silver nitrate the disease 
lost its severity and assumed a subacute form within a week. As treat- 
ment was continued, the bulbar and then the tarsal conjunctiva became 
normal. The disease lingered in the transitional folds for some time, 
and unless treatment was continued, acute exacerbation frequently 
occurred. Under ordinary circumstances the duration of the disease 
was approximately three weeks. In no case was there involvement of 
the cornea or the deeper structures of the eye. In 1 case the disease 
persisted in chronic form for over six months. The inclusion bodies 
seemed to be constant in the early stages but disappeared rapidly on 
treatment. Gradle stated that in its acute stage the infection undeniably 
resembled fresh subacute trachoma but that the clinical course served 
to differentiate the two diseases. 

In 1927 Bahn *° reported having treated 36 patients (24 in 1925 
and 12 in 1926) with unquestionable swimming pool conjunctivitis. He 
stated that the condition was much more common in this country than 
the ophthalmic literature would indicate. He described the typical 
clinical picture and concluded that the disease was only slightly com- 
municable, since in 26 cases the condition remained unilateral. Inclusion 
bodies were present but no bacteria. It was noted that even under 
unfavorable conditions of overcrowding only a small percentage of 
bathers contracted the disease. He saw no Negroes with the disease, 
and he noted the surprising fact that in the two years the disease 
originated in every case during July. Overcrowding and urination while 
bathing were considered the principal factors in the spread of the disease. 

In 1 of Bahn’s patients urethritis developed two weeks before the 
eyes were involved. In the opinion of the urologist the urethritis was 
apparently due to exposure in the swimming tank. Only normal bac- 
terial flora were found in the urethra and conjunctiva, and after about 
three weeks the inflammation and discharge subsided in both membranes. 

The occurrence of adult inclusion conjunctivitis, unassociated with 
swimming pools, has been noted in this country by Williams 7* and her 
co-workers of the New York City Department of Health and by Noguchi 
and Cohen.”? 

Under the term papillary conjunctivitis, Williams *! described a 
disease characterized by thickening and inflammation of the conjunctiva, 
with or without follicles. Mucopurulent secretion in varying degree 


20. Bahn, C.: Swimming Bath Conjunctivitis, New Orleans M. & S. J. 79:586, 
1927. 


21. Williams, A.: A Study of Trachoma and Allied Conditions, J. Infect. Dis. 
14:261, 1914. 


22. Noguchi, H., and Cohen, M.: (a) Experiments on the Cultivation of 


So-Called Trachoma Bodies, Arch. Ophth. 43:117, 1914; (b) J. Exper. Med. 
18:572, 1913. 
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was always present. In these cases the so-called trachoma bodies, or 
bodies of Halberstaedter and Prowazek, were almost constant, and 
during the early period of the investigation the disease was regarded as 
trachoma. The inflammation ran a subacute or chronic course, however, 
and healed without cicatrization or pannus. Williams concluded that 
several types of inflammation of the conjunctiva of children, evidenced 
by chronic papillary hypertrophy or the formation of follicles or both 
and formerly considered to be trachoma, may run a comparatively rapid 
course and heal without the formation of cicatricial tissue. The high 
incidence of infection due to hemoglobinophilic bacilli, probably the 
Koch-Weeks bacillus (Haemophilus conjunctivitidis), was noted. Of 
237 patients with papillary conjunctivitis who were examined, 147 were 
infected with these organisms, and of 145 with follicular conjunctivitis, 
49 were similarly infected. This high incidence of secondary infection 
led to the erroneous conclusion that the Prowazek-Halberstaedter inclu- 
sions were nests of phagocytosed bacteria. 

Noguchi and Cohen, working in New York at the same time as 
Williams, studied a series of cases of nontrachomatous conditions in 
which inclusions were shown. They described the clinical course of 
inclusion conjunctivitis as follows: : 


Onset with moderate edema of the lids and mucopurulent secretion. Somewhat 
later isolated reddish translucent follicles appear in the lower palpebral conjunctiva 
and upper folds, these two sites becoming involved simultaneously. At a later 
stage the upper palpebral conjunctiva takes on a brick red color and assumes the 
characteristic granular appearance. These regress after two months. Disease 
disappears first from upper portion of conjunctiva when the condition resembles 
that of follicular conjunctivitis. Later on, in about three months, they begin to 
disappear from the lower conjunctiva. At the end of four months the conjunctiva 
is again in normal condition. In two cases of inclusion conjunctivitis there 
remained solely at the end of 9 months a fine papillary condition of the upper 
tarsal conjunctiva; one of these cases has had two relapses or reinfections. One 
case of inclusion conjunctivitis of papillary type still showed symptoms after 114 
years. Of 75 cases of inclusion conjunctivitis, 2 showed a diffuse and linear 
cicatrization of practically the entire palpebral conjunctiva but no corneal involve- 
ment. Of 58 cases still under observation 2 other cases still show a fine papillary 
hypertrophy of both tarsal conjunctivae with no corneal or other involvement. 
The remaining 54 cases remained normal during an observation period of 4%4 


years. Seventeen cases were observed for only six months but were normal when 
last seen.22a 


Noguchi and Cohen expressed the belief that they had cultivated the 
elementary bodies (Halberstaedter and Prowazek) and the initial bodies 
(Lindner) making up the inclusions. Paparcone,?* Axenfeld,’® and one 
of us (Thygeson **) failed to confirm this result. 


23. Paparcone, E., cited by Morax, V., and Petit, P. J.: Le trachome, Paris, 
Jean Morax, 1929, p. 160. 

24. Thygeson, P.: The Nature of the Elementary and Initial Bodies of Tra- 
choma, Arch. Ophth. 12:307 (Sept.) 1934; footnote 2. 
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Clinical Characteristics—The etiologic identity of inclusion blennor- 
rhea and adult inclusion conjunctivitis was accepted in a previous report.” 
The clinical differences between infection in infants and that in adults 
appeared to be related to diminished susceptibility of the conjunctiva 
of the adult. However, although the disease in adults is usually 
follicular conjunctivitis, there is a papillary type, more nearly resembling 
the disease of the infant, in which follicles are shown only in the later 
stages. 

No cases of complications in the upper respiratory tract occurred 
in this series. 


TABLE 3.—Report of Cases of Inclusion Conjunctivitis in Adults 








Number of Exposure in 
Age, Type of Inclusion Swimming Bacteriologic 
Case Name Years Conjunctivitis Bodies Pool Findings 


21 Follicular; Few -- C. xerosis, 
monocular Staph. albus 


24 Follicular; C. xerosis, 
bilateral Staph. albus 


Duration of 
Infection 


About 7 mo. 


Difficult 
to find 


About 13 mo. 


30 Papillary; 


monocular 
Papillary; 
bilateral . 
Papillary; 
bilateral 
Follicular; 
monocular 


Follicular; 
monocular 


Follicular; 
bilateral 


Abundant 
Abundant 


Abundant 


C. xerosis 
C. xerosis 


C. xerosis, 
Staph. albus 


Staph. albus 


C. xerosis, 
C. Hoffmanni, 
Staph. albus 


C. xerosis, 
H. influenzae 


Slightly active 
in 5 mo. 

2 mo. 

2 mo, 


Not known 


Still active in 
1 year 


Slightly active 
in 5 mo. 


(short duration) 


C. xerosis Slightly active 
after 2 yr. 


F. Follicular; 
bilateral 





* Experimental inoculation by direct transfer with material from a patient with inclusion 
blennorrhea. 
+t Experimental infection with filtrate obtained from a patient with inclusion blennorrhea. 


Papillary Conjunctivitis (fig. 1): 
usually started in an acute form, with considerable secretion and often 
abundant inclusions. Minute hemorrhages of the conjunctiva were 


In this type the inflammation 


common. No pseudomembranes were formed, but the secretion was 
usually fibrinous. Swelling of the preauricular gland on the involved 
side was characteristic. While this type, as judged by the number of 
inclusions, appeared to be much more severe than the follicular form, 
its duration was shorter. In 1 case concurrent superficial punctate 
keratitis involving the upper third of the cornea was shown, a complica- 
tion which has been reported by Aust.'* 

Follicular Conjunctivitis (fig. 2): This type was characterized by 
subacute onset, scanty secretion and infiltration and follicular hyper- 
trophy of the conjunctiva of the cul-de-sacs, the lower being more 
severely involved. Preauricular adenopathy was common. In case 7 
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the disease was characterized by severe and persistent hypertrophy of 
the caruncle and the semilunar fold, and superficial punctate keratitis 
was present during the first two weeks. Pseudoptosis was evident in 
all cases of monocular infection. 

The principal subjective symptoms were blurring of vision, due to 
secretion, and photophobia. Itching was not observed in any case. 


Fig. 1—Photograph of the eye in a case of inclusion conjunctivitis, papillary 
type. The infection was probably contracted during a gynecological operation. 











Fig. 2.—Photograph of the eye in a case of inclusion folliculitis, follicular type, 
showing massive follicular hypertrophy of the lower fornix and swelling of the 
caruncle. 


Clinical Course of Inclusion Conjunctivitis —In the 4 cases in which 
healing occurred during the period of this study, the conjunctiva and 
cornea appeared to have been returned to the normal condition. 

Accidental Infection of a Gynecologist—The following case is of 


such interest in relation to the source of spread of the disease that it 
is reported in detail: 


On Oct. 9, 1934, Dr. J. H. R., of the University of Iowa College of Medicine, 
performed an operation for dilation and curettage on a woman aged 23. During 
the operation blood spurted into his right eye. He completed the operation; 
a'terward a nurse irrigated the eye with a saline solution, and mild protein silver 





386 ARCHIVES OF OPHTHALMOLOGY 


was instilled. On the morning of October 17 there was a discharge from the eye, 
but although the eye became congested, treatment was not sought until the morning 
of October 19. At that time there were definite pseudoptosis, a moderate amount 
of mucopurulent secretion, swelling of the preauricular gland, infiltration of the 
conjunctiva with fine papillary hypertrophy in the tarsal area and minute hemor- 
rhages in the retrotarsal folds (fig. 1). The bulbar conjunctiva was injected, but 
much less so than in a case of typical pneumococcic conjunctivitis. Smears stained 
by the Gram method showed no bacteria, and cultures produced only small numbers 
of Corynebacterium xerosis. On smears stained by the Giemsa method there 
were moderate numbers of inclusions and free initial and elementary bodies. The 
discharge was serous, and polymorphonuclear leukocytes were comparatively rare 
in view of the severe inflammatory signs. With the slit lamp the upper portion 
of the cornea showed numerous punctate epithelial lesions, but there were no 
vascular changes at the limbus. 

The patient who is believed to have been the source of the infection had been 
discharged from the hospital before the diagnosis of inclusion conjunctivitis was 
made. Although immediate attempts were made to recall her, she did not return 
until three months later. There was slight leukorrhea, but no history of urethral 
symptoms or acute discharge from the vagina was obtained. A dozen smears of 
material from the cervix were examined, with negative results. No baboons or 
monkeys were available with which to test for the virus. 

The clinical course in Dr. R.’s case was typical of papillary inclusion con- 
junctivitis. 

Although the observation of inclusion bodies on the smears of material from 


the cervix would have been of significance, it seems probable that the cervix was 
the source of infection. 


Bacteriologic Findings in Adult Inclusion Conjunctivitis —The bac- 
teriologic findings in all cases were essentially negative. Ordinarily, only 
C. xerosis and Staphylococcus albus were found. In cases 3 and 7 
slightly hemolytic staphylococci (Staph. albus) were seen, but not in 
sufficient numbers to suggest pathogenicity. In 1 case a temporary 
secondary infection with influenza bacilli was shown. 


Microscopic Observations—The demonstration of inclusion bodies 
was more difficult than in cases of inclusion blennorrhea, and free 
elementary and initial bodies were never numerous. In the papillary 
type typical inclusions were noted readily in the first few weeks of 
the disease, the average scraping usually containing a dozen or more. In 
the follicular type, however, often only one or two inclusions were 
observed on each slide, and in 1 case they were discovered only after 
the examination of four slides. The inclusions (fig. 3) were small 
and compact and rather difficult to recognize under a low power lens. 


In a few cases free elementary and initial bodies were seen before 
inclusions were noted. 


Effect of Therapy—rTreatment in 7 cases with silver nitrate and 
oxycyanide of mercury failed to shorten the course of the disease. 


In case 7 the condition was treated for one month without noticeable 
effect with each of the following drugs: a 1 per cent solution of silver 
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nitrate, a 1: 5,000 dilution of oxycyanide of mercury, a 1: 10,000 dilu- 
tion of phenylmercuric nitrate, a soluble combination of thiosinamine 
and sodium salicylate, 0.5 per cent copper sulfate ointment and chaul- 
moogra oil. The disease was still active at the end of one year. In case 9 
the eye had been treated for trachoma with copper sulfate stick for over a 
vear without effect. In 2 cases in which there had been no treatment 
the condition healed in two months. 


Pathologic Characteristics.—Morax ** stated that the essential lesion 
of the disease is diffuse subepithelial infiltration with leukocytes, 








Fig. 3—Drawings of inclusion bodies in material obtained in a case of adult 
inclusion conjunctivitis; Giemsa stain. 


principally mononuclears. The epithelium is infiltrated with leukocytes, 
particularly at the onset, and undergoes mild proliferation or partial 
desquamation. The lymphatic cells have a tendency to group themselves 
in masses in which vascular networks develop. Sometimes nodules 
form which can be differentiated from the follicles characteristic of 
trachoma by their small size and the absence of capsules of connective 
tissue. Healing occurs without the formation of scars. 

A specimen taken for biopsy from the lower fornix in case 1 six 
weeks after the onset of symptoms revealed typical follicular inclusion 
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conjunctivitis. In sections the epithelium appeared of normal thickness, 
but it was heavily infiltrated with polymorphonuclear cells. There was 
a diffuse subepithelial infiltrate of lymphocytes and plasma cells, the 
former cells greatly predominating. Numerous characteristic follicles 
were seen with avascular centers, composed of large mononuclear cells 
surrounded by plasma cells and lymphocytes. 

Differential Diagnosis—-Trachoma: Inclusion conjunctivitis has 
often been confused with trachoma because of certain striking simi- 
larities, e. g., (1) the follicular (occasionally papillary) hypertrophy, 
(2) the chronic course, (3) the negative bacteriologic findings and (+4) 
the presence of Halberstaedter-Prowazek bodies. 

Inclusion conjunctivitis differs from trachoma, however, in the fol- 
lowing respects: (1) the predominant involvement of the conjunctiva 
of the lower lid, (2) the shorter course, (3) the absence of degenerative 
changes and scars and (4+) the absence of pannus. 

Clinically, inclusion conjunctivitis may be suspected if the onset is 
subacute or acute, the lower lid is predominantly involved, the pre- 
auricular gland is tender and the bacteriologic findings are negative.' 
A diagnosis of trachoma may be excluded on the basis of the clinical 
course. The value of the slit lamp in the differential diagnosis of the 
two diseases has been noted in a previous report.** In the series of 
cases reported in this paper there were no changes in the vessels of the 
limbus. In cases of trachoma an early stage of pannus has been men- 
tioned by Wilson *° and in a case of trachoma observed by one of us 
(P. T.) changes in the vessels of the limbus appeared coincidentally 
with the appearance of palpebral follicles. In all 3 cases of trachoma 
in which the onset was acute, typical changes in the limbus have been 
shown within six weeks. The value of examination with the slit lamp * 
in differential diagnosis will be greater when more exact knowledge of 
the time of onset of pannus is known; it seems justifiable, however. 
to assume that the absence of pannus after two months removes the 
possibility of trachoma. 

Acute Follicular Conjunctivitis, Béal Type: In several cases con- 
junctivitis was observed ** which closely resembled inclusion conjunc- 
tivitis in the subacute or acute onset, intense follicular hypertrophy and 
negative bacteriologic findings. In the cases of more severe involvement 
subconjunctival hemorrhages and pronounced papillary hypertrophy 


25. Thygeson, P.: Biomicroscopy of the Limbus Corneae in Trachoma and 
Other Conjunctival Diseases, Am. J. Ophth. 17:787, 1934. 

26. Wilson, R. P.: A Short Slit-Lamp Study on the Corneal Vessels in 
Trachoma, Sixth Annual Report, Giza Memorial Ophthalmic Laboratory, Cairo, 
1931, p. 103. 

27. Thygeson, P.: Acute Follicular Conjunctivitis, Béal’s Type, Arch. Ophth. 
13:853 (May) 1935. 
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were present. The condition differed from inclusion conjunctivitis, 
however, in its rapid evolution (from two to three weeks), the absence 
of inclusion bodies and the mild involvement of the preauricular gland. 
The secretion was scanty and often contained mononuclears pre- 
dominantly. The disease appeared to correspond closely to that 
described by Beal.** 

Swimming Pool Conjunctivitis: It is known that the swimming pool 
may serve as the means of spreading a variety of diseases, of both 
the conjunctiva and the respiratory tract. The epidemic of Koch-Weeks 
conjunctivitis previously mentioned '* is an instance. The conjunctivitis 
which Fekr ** described as swimming pool conjunctivitis is, however, a 
clinical entity not easily confused with ordinary conjunctival inflam- 
mations. That it exists as an etiologic entity is still under dispute. In 
a previous report * the disease was accepted as identical with inclusion 
conjunctivitis, and the cases in which inclusions were not seen were 
interpreted as instances of mild infection in which the inclusions were 
unobserved because of their rarity or because of insufficient patience 
on the part of the examiner. The recognition of cases of acute follicular 
conjunctivitis of Béal’s type, however, which is often clinically indis- 
tinguishable from inclusion conjunctivitis, has necessitated revision 
of this interpretation. 

In the original report by Béal** no mention was made of the 
possibility of transfer through the swimming pool. In 3 of the 7 cases 
recently reported by one of us (Thygeson **) the patient had frequented 
a swimming pool. It is, therefore, possible that certain cases of 
swimming pool conjunctivitis in which inclusion bodies are not seen 
are instances of the Béal type. Additional statistics are needed from 
observers who are familiar with inclusion bodies. 

Epidemiology of Inclusion Conjunctivitis—Swimming Pools: 
According to Morax,'’ three hypotheses have been advanced to account 
for the association of inclusion conjunctivitis with swimming pools: 
(1) the irritating action of polluted water, (2) the transmission of a 
specific germ by the water and (3) contamination by means of common 
usage of towels, etc. 

The first hypothesis may be discarded since it has been demonstrated 
that inclusion conjunctivitis is a transmissible disease and not a simple 
irritation. 

The second hypothesis appears to be the most reasonable and 
promising. That patients with inclusion conjunctivitis frequent pools 
is established (Comberg*’). Transmission of infection from an 


28. Béal, R.: Sur une forme particuliére de conjonctivite aigiie avec follicules, 
Ann. d’ocul. 87:1, 1907. 
29. Fehr: Endemische Bad-Konjunktivitis, Berl. klin. Wchnschr. 37:10, 1910. 


30. Comberg, W.: Die Schwimmbad Konjunktivitis, Ztschr. f. Augenh. 44: 
13, 1920. 
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infected to a healthy eye by way of the water is theoretically possible. 
The virus is present in the secretion, and virus colonies in the form of 
inclusions occur in desquamated cells. The inclusions have a tendency 
to resist the diluting action of the water; it can be demonstrated that 
they remain intact in physiologic solution of sodium chloride for forty- 
eight hours or more. A floating epithelial cell containing virus might 
be resistant to chlorination, even when the free virus might not be. A 
second and even more likely source of infection is the genital secretion. 
In the succeeding section of this paper it is stated that elementary 














Fig. 4—Drawings of inclusion bodies in cervical epithelial cells of mothers of 
infants with inclusion blennorrhea. 


bodies and inclusions have been recovered from the genito-urinary 
tracts of 7 of a series of 10 mothers whose babies had inclusion 
blennorrhea (fig. 4). According to Bahn,*° the habit of urinating in 
pools is widespread, which would aid in the dissemination of the virus. 

The third hypothesis is possible but improbable. The low degree of 
communicability of inclusion conjunctivitis is established, and it seems 


unlikely that contamination by means of towels plays much part in 
the spread. 


The ordinary bath has been suggested as a means of transmitting 
the disease. This is theoretically possible, since free elementary bodies 
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or epithelial cells from the genito-urinary tract may be carried to the 
eye by means of a wash-cloth or in the process of washing the hair. 

Endemic Infections: In isolated cases in which the swimming pool 
can be eliminated as a source of infection, there are only two possible 
paths of communication: The virus must pass from eye to eye or from 
the genito-urinary tract to the eye. Cases of transmission from eye 
to eye are probably extremely rare, as with gonorrheal ophthalmia. 
It is more likely that infection passes from the genito-urinary tract to 
the eye, either autogenously or heterogenously. 


Summary.—Nine cases of inclusion conjunctivitis of the adult are 
reported. Both the follicular and the papillary types are described. The 
papillary type is the more severe, but it heals more rapidly. Differential 
diagnosis of inclusion conjunctivitis and trachoma is made on the basis 
of the clinical appearance and the course, in particular on the absence 
of pannus and cicatrization. An instance of the accidental infection of 
a gynecologist, believed to have been incurred during an operation on the 
cervix, is reported. The significance of acute follicular conjunctivitis 
of Béal’s type and the epidemiology of inclusion conjunctivitis, par- 
ticularly in relation to the swimming pool, are discussed. The origin 
in the genito-urinary tract in most cases appears probable. 


LOCALIZATION OF INCLUSION VIRUS IN THE GENITO-URINARY 
TRACT 


Historical Review.—In 1884 Kroner (according to Hamburger **) 
advanced the hypothesis that blennorrhea of the new-born in which the 
gonococcus was not present was caused by an unknown agent, the pri- 
mary seat of which was in the birth canal of the mother, The demonstra- 
tion of inclusion bodies in cases of nongonococcic urethritis in men 
(Lindner **) and of urethritis in women (Halberstaedter and 
Prowazek **) indicated the probable source of the infection in the baby. 
These observations were amplified by Fritsch, Hoffstatter and 
Lindner,** who were able to produce disease in the eyes of baboons 
with secretions obtained in cases of urethritis in men in which the 
gonococcus was absent and with secretions from the vagina of mothers 
whose babies had inclusion blennorrhea. Confirmation also came from 


31. Hamburger, F.: Die Rolle des Einschlussvirus am Auge des Neugeborenen 
und am Genitale der Frau, Arch. f. Ophth. 133:90, 1934. 

32. Lindner, K.: Zur Aetiologie der gonokokkenfreien Urethritis, Wien. klin. 
Wehnschr. 1:284, 1910. 

33. Halberstaedter, L., and Prowazek, S.: Ueber die Bedeutung der Chlam- 
ydozoen bei Trachom und Blennorrhoe, Berl. klin. Wehnschr. 47:661, 1910. 

34. Fritsch, H.; Hofstatter, A., and Lindner, K.: Experimentelle Studien zur 
Trachomfrage, Arch. f. Ophth. 76:36 and 661, 1910. 
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Heymann,** who observed inclusion bodies in material taken from the 
genito-urinary tracts of parents of babies with inclusion blennorrhea 
and was able to transmit the infection to monkeys. These observations 
led Halberstaedter and Prowazek ** to the conclusion that inclusion 
blennorrhea was a virus disease similar to, but biologically distinct from, 
trachoma and that it was transmitted in a manner comparable to that of 
gonorrhea. Lindner,** on the other hand, identified the disease with 
trachoma. 

In a recent report, Hamburger *! added clinical observations. Of 
30 women whose babies had inclusion blennorrhea, 20 reported a 
marked discharge from the vagina during the pregnancy. The secretion 
was usually white but was occasionally yellow. In 5 women the symptoms 
suggested gonorrhea, but no gonococci were found. Hamburger stated 
that nongonorrheal vulvitis is a recognized entity, and he suggested that 
the inclusion virus may be an etiologic agent. He expressed the opinion 
that the virus is usually present in the vagina and external genitalia 
and that it is present only infrequently in the cervix. This conclusion 
was based on the fact that in cases of premature rupture of the mem- 
branes and of prolonged labor, children are often born with gonoblen- 
norrhea because the gonococci, located in the cervix, have early reached 
the conjunctival sac of the baby. In cases of inclusion blennorrhea, 
premature rupture and prolonged labor do not appear to influence the 
incubation period or the clinical picture of the disease, an observation 
which suggests that infection occurs in the vagina or the external 
genitalia. 

Hamburger stated further that there was no evidence to indicate 
that inclusion virus is a factor in puerperal inflammation, but he sug- 
gested that it may have some connection with a chronic adhesive type 
of salpingitis. He noted a single exception to the general rule that inclu- 
sion blennorrhea develops in only one child in a family, a rule which 
would indicate that the disease in the genito-urinary tract is of short 
duration. In this case the genital disease had apparently endured two 
and one-half years, but the possibility that the mother had been reinfected 
could not be eliminated. 

One of us (Thygeson *) confirmed the presence of inclusion bodies 
and free elementary and initial bodies in material obtained from the 
genito-urinary tracts of mothers of babies with inclusion blennorrhea, 


and he performed experiments on transmission of the disease to the 
eves of baboons. 


35. Heymann, B.: Ueber die Fundorte der Prowazek’schen K6rperchen, Berl. 
klin. Wehnschr. 47:663, 1910. 


36. Lindner, K.: Gibt es ein genitales Trachom? Wien. med. Wchnschr. 75: 
2488, 1925. 





4—Summary of Data on the Mothers of Babies 
Blennorrhea * 


with Inclusion 











No. of Maximum 
Case Pre- Discharge ‘Tempera- 


Marital vious 


and 


1 


Age, 
Name Yrs. 


State 


Separated 1 
from husband 


21 


Not married 0 


Not married 


Not married 


Not married 


Married 


Married; 
husband not 
father of 
the child 


Births Pregnancy 


During ture, 
Cc, 


Slight Afebrile 


None Afebrile 


Marked 
during 
sixth mo. 


Slight 


$8 on 1 
day 


Afebrile 


Inereased 
during 
latter part 
of preg- 
nancy 


None 


39+ 


Profuse and 
yellowish; 
positive for 
Trichomonas; 
negative tor 


Afebrile 


Not married 


Married 


Married; 
husband not 
father of 
the child 


Married 


Not married 


Married 


Married 


Not married 


Married 


Married 


Married 


yeast 
Profuse, 
bubbly, 
yellow 


Profuse 


Few days 
of a small 
amount 
of yellow 
discharge 


Some 


Moderate 
amount 


Normal 


Increased 
amount 


Normal 


38+ on 2 
days 


38+ on1 
day; unex- 
plained 


Afebrile 


day after 
extraction 
of teeth 


Afebrile 


day; unex- 
plained 


Afebrile 


Afebrile 


Complications 
None 


Prolonged labor 
(40 hrs., 26 min.); 
laceration of 
cervix 

None 


Premature rupture 
of membranes; 
normal puerperium; 
Bartholin’s gland 
thickened on 

the right 


Premature rupture 
of membranes 

40 hrs. prior to de- 
livery; mild endome- 
tritis; cholecystitis; 
moderate erosion of 
both anterior 

lips of cervix; 
(labor 5+ hrs.) 
Pyelitis and endo- 
metritis; infection of 
episiotomy wound 
Outlet reddened; 


condylomata acumin- 


ata; mild chronic 
vaginitis 1 
(Trichomonas ?) 


Chronic vaginitis ; 
positive fdr Tricho- 
monas and Monilia; 
hemolytic streptococ- 
cus; mild endome- 
tritis; laceration 

of cervix 


None 


None 


None 


Nore 


Protracted labor; 
39 brs. 


None 


None 


Comment 


No conjunctivitis; 
first child born 
3 yrs. previously 


First ehild deliv- 
ered in hospital 

in 1931; no con- 

junctivitis 


No conjunctivitis; 
first baby born 
4 yrs. previously 


No conjunctivitis; 
previous babies 
born 3 and 4 

yrs. before 


No conjunctivitis; 
previous child 
born 3 yrs. before 


Delivery outside 
hospital 


Delivery outside 
hospital; no 
observation 

First baby had no 
conjunctivitis 


Father had gono- 
coccie urethritis 
1% yrs. previ- 
ously; delivery 
outside hospital 


Enormous num- 
bers of elemen- 
tary bodiest 
Condylomata 
acuminata 
Three previous 
habies had no 
conjunctivitis 





* No smears were positive for the gonococcus. 
nN Cases 8, 9, 10, 14, 15, 17 and 18 and negative in cases 16 and 11. 
10 inclusions were noted in case 19. 


+t Examination six months after delivery gave negative results for inclusions. 


Cervieal smears were positive for inclusions 
Free elementary bodies but 
Nn all the cases the Wassermann reaction was negative. 
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Inclusion Virus Infection of the Female Genito-Urinary Tract.— 
The essential findings for the mothers of the babies with inclusion 
blennorrhea, as recorded in table 4, were as follows: (1) The mothers 
were young; (2) 3 of them were Negroes; (3) the incidence of 
illegitimacy was high (7 mothers were unmarried; 1 was separated 
from her husband, and 2 were married but the husband was not the 
father of the baby) ; (4) 8 of 18 mothers were primiparas, and (5) 
symptoms of genito-urinary disease were present in only 2 cases. 

No unquestionable history of disease resembling gonorrhea was 
obtained from any woman in this group. Increased discharge from the 
vagina during pregnancy was noted in 7 cases, but in only 2 instances 
(cases 7 and 8) were signs of vaginitis shown. The observation of 
Trichomonas vaginalis in 1 case and T. vaginalis and Monilia albicans 
in the other could explain the inflammatory signs. Mild endometritis 
occurred after delivery in 2 cases, and in 7 instances fever was present 
for one day or more; but there is no reason to suppose that any con- 
nection existed between a possible inclusion virus infection and these 
minor complications. In spite of the fact that gross clinical signs of 
inflammation or discharge from the vagina was absent, microscopic 
evidence of inclusion virus infection was found in 7 of the 9 cases 
in which examination was made. 

Microscopic Observations: The difficulty of making a microscopic 
diagnosis in the presence of the profuse saprophytic bacterial flora of 
the female genito-urinary tract has been emphasized by several authors 
(Lindner,*® Aust ?? and Hamburger *'). Lindner has stated that it is 
difficult to distinguish initial bodies when mixed with bacteria. He 
apparently ignored the diagnostic value of free elementary bodies, which 
occur on smears of material taken from the cervix, occasionally in large 
numbers (in cases 10 and 17, particularly, fig. 5). Their importance 
in the epidemiology of swimming-pool conjunctivitis is obvious. 

Typical elementary body inclusions were noted in 7 cases (fig. 4). 
There were usually not more than two or three on a slide, and in cases 
8 and 13 a number of slides were examined before typical inclusions 
were seen. In case 10, however, they were extremely numerous, a 
single slide containing as many as fifteen. They differed in no essential 
from the inclusions observed in scrapings from the ocular mucous mem- 
brane. It must be emphasized, however, that only elementary body 
inclusions were considered of diagnostic significance, since bacteria in or 
on cells can simulate initial body inclusions. 

Diagnostic Value of the Elementary Body: Elementary bodies, if 
they occurred in any numbers, were readily distinguishable from 
artefacts, stain granules, neutrophilic granules, etc., on the basis of 
their uniform size, roundness and reddish-blue staining reaction with 
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the Giemsa method. Numerous minute diplococci were present in 2 
cases, but they were clearly differentiable from the elementary bodies. 
Although typical elementary body inclusions were necessary for diagno- 
sis, free elementary bodies served as an indicator. 

Localization of the Genito-Urinary Infection: The observation of 
inclusions in material from the cervix and the vagina has been reported.” 
Further investigation has shown that inclusions are seen only in epithe- 
lium from the cervix; the cells reported to be of vaginal origin were 
probably desquamated cervical epithelium, picked up in the smear of 
material obtained from the vagina. 


Fig. 5—Photomicrographs of free elementary bodies shown on smears of 
material taken from the cervix in case 17. Giemsa stain; magnification, about 850. 


On the basis of microscopic observations the site of infection appears 
to be the cervix. Clinical examination of the cervices of mothers ten 
lays post partum has not revealed any differences hetween the findings 
in these cases and those for mothers with normal babies. It must be 
emphasized, however, that examination of the cervix for infections of a 
chronic nature is highly unsatisfactory so short a time after delivery. 
In case 9, in which there was mild endometritis, a profuse postpartum 
discharge containing numerous hemolytic streptococci occurred. 

While there appeared to be no definite clinical entity which could be 
called inclusion virus cervicitis, the cervix was probably the site of a 
chronic inflammatory process producing few or no symptoms but capable 
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of inducing acute inflammation in the eyes of the baby. It may be 
analogous to inclusion conjunctivitis of the adult, which after the first 
few weeks is virtually without symptoms. 

Infectivity of Vaginal Secretions for Baboons: In the preliminary 
report * the infectivity of vaginal secretions was established in 3 cases 
by transfer to the eyes of baboons, with the production of typical 
follicular conjunctivitis. In a fourth case transfer of material to a 
Macacus rhesus monkey did not cause infection. These experiments 
have been amplified as follows: 


Scrapings from the cervix in case 19 were used to inoculate the conjunctiva 
of the right eye of a golden baboon. After an incubation period of approximately 
ten days, typical follicular conjunctivitis developed. 


Cervicitis was produced in baboons by the following means : 


EXPERIMENT 1.—Material from the eye of an infant with inclusion blennorrhea 
(case 14) was removed with a platinum spatula, suspended in a small amount cf 
broth and injected by means of a Pasteur pipet into the orifice of the normal 
cervix of a baboon. Twelve days later the cervix was markedly inflamed. In 
the center of the cervical canal there was a small quantity of incrusted purulent 
material. Inclusions were not demonstrable in the scrapings. 

EXPERIMENT 2.— Material taken from the eye of the same infant under identical 
conditions was introduced into the normal cervical canal of a second baboon. 
Examination twelve days later showed no change, and reinoculation was made. 
In eight days definite inflammation of the cervix, less marked than in the case of 
the baboon in the first experimtnt, had developed; it was still active eight days 
later. There was no purulent secretion, and smears were negative for inclusion 
bodies. 


Human Inoculations: Because of the failure to obtain satisfactory 
microscopic evidence of infection in baboons, a series of inoculations 
of women was undertaken. 


EXPERIMENT 1.—Scrapings from the eye of an infant with inclusion blennorrhea 
(case 12) from which on repeated cultures only C. xerosis and Staph. albus had 
heen recovered, were used to inoculate the vaults of the vagina (examination of 
which revealed no inclusions) of 4 women in the last month of pregnancy. Inecu- 
lation was made by deposition of the material, with slight trauma produced by 
friction. No clinical symptoms developed, and there was no microscopic evidence 
of infection. Conjunctivitis did not develop in the babies. 

EXPERIMENT 2.—Scrapings from the eye of an infant with inclusion conjunctiv- 
itis (case 3) taken three weeks after the onset of symptoms were used for the 
intracervical inoculation of 2 women just prior to the onset of labor. In each 
case the labor was normal, and in neither case did conjunctivitis develop in the 
baby. Smears were made of material from the cervix in 1 case ten days after 
delivery, and numerous inclusions and free elementary bodies were noted. The 
smear resembled that for a patient with inclusion blennorrhea in the subacute 
stage except for the presence of bacteria (fig. 6). The cervix appeared normal. 
In the other case, through error, smears were not made. 
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Examination of a Series of Pregnant Women Prior to Delivery: 
Early in this study a consecutive series of 100 pregnant women at term 
were examined at the time of admission to the hospital. In each case 
two smears were taken with cotton applicators from just inside the 
vaginal canal. One smear was stained by Gram’s and the other by 
Giemsa’s method. The slides stained by the Giemsa method were 


Fig. 6.—Isolated inclusion body shown in secretion from the cervix in case 17. 


subjected to complete examination for inclusions by means of the 
movable stage. In case of negative findings several areas of the slide 
were examined under the oil immersion lens for free elementary bodies. 

Ninety-nine of the slides were negative for inclusions and free 
elementary bodies. In one slide a single inclusion body as well as 
moderate numbers of free elementary bodies was observed. It is interest- 
ing to note that in 2 of the 100 cases conjunctivitis of the new-born 


developed. In 1 of these instances subacute conjunctivitis without inclu- 
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sions was present, and staphylococci (Staph. aureus) were abundant. 
In the other, in which the examination of material from the vagina of 
the mother revealed inclusion bodies, typical inclusion blennorrhea 
developed in the baby (case 10) without secondary infection. The inclu- 
sions and free bodies on smears of material taken from the cervix of the 
mother were much more abundant after delivery (ten days) than 
before. This possibly may have been due to the fact that the first smear 
was not taken directly from the cervix and the material was diluted 
by secretion from the vagina. On the other hand, delivery may have 
had the effect of producing an exacerbation of the infection. In 1 baby 
in this series gonorrheal vaginitis developed. The Credé method of 
prophylaxis was probably responsible for prevention of infection of the 
eye. 

Relation of the Type of Epithelium to Inclusion Virus Infection: 
The observation was made in relation to inclusion blennorrhea that even 
in cases of acute involvement with abundant conjunctival inclusions, the 
inclusions were never observed in the keratinized transitional epithelium 
of the margin of the lid. The cells of this transitional layer have the 
large amount of cytoplasm and the small nucleus characteristic of the 
epithelium of the vagina of the adult. The type of epithelium which 
appears to be susceptible to inclusion virus infection is that present 
on the conjunctiva, in the urethra and in and on the cervix. The epi- 
thelium of the vagina of the infant closely resembles that of the con- 
junctiva, which suggests that it may be susceptible. 

The fact that the epithelium of the adult vagina is keratinized probably 
accounts for the failure of inclusions to develop. If our preliminary 
observations as to the localization of inclusion virus infection in the 
cervix are correct, there is a resemblance in this respect to gonorrhea, 
in which the localization in the woman is principally in the cervix. 

Scrapings from the uterus were negative in 2 cases in which inclu- 
sions were observed in material from the cervix. 

Incidence of Inclusion Cervicitis in the Nonpregnant Woman: As 
was pointed out previously, statistics based on the incidence of inclusion 
blennorrhea in our maternity service would indicate that the incidence of 
infection for this general class of patients was 8 per thousand patients. 
For the nonpregnant woman the incidence of infection could be 
determined only by microscopic examination or inoculation of the eyes 
of baboons. The latter method would be prohibitively costly for this 
type of experiment. Smears of material from the cervix have been made 
from a series of young women with gynecological complaints. Till the 
present time inclusions have been observed in only 2 cases in a total 
of 70 examinations. The presence of pelvic inflammatory disease in 


the first case would indicate that the patient was probably infected 
coincidentally with gonorrhea. 
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In the second case, an unmarried woman, aged 21, who was receiving 
treatment for syphilis, complained of discharge from the vagina of four 
months’ duration. Repeated examinations for gonococci gave negative 
results. A moderate amount of pus expressed from Skene’s glands 
contained no gonococci or inclusions. There was no vaginitis, and the 
cervix appeared normal. Material from the cervical canal, however, 
revealed inclusion bodies. Scrapings from the uterus were negative. 


Inclusion Virus Infection of the Male Genito-Urinary Tract.— 
Through the department of genito-urinary surgery, 11 cases of non- 
gonorrheal urethritis in men were available for study. The patients 
were observed at various times throughout the course of their illness. 

Nonspecific Urethritis: Smears of material taken from the urethra 
in 3 cases showed bacteria of possible pathogenicity. The bacteriologic 
findings in the remaining 8 cases were insignificant. In only 1 of these 


instances were inclusion bodies present. The history of the patient was 
as follows: 


H. K., aged 21, had a subacute onset of urethritis seven days after sexual inter- 
course. Smears were negative for gonococci. The subacute symptoms subsided 
rapidly, leaving a mild chronic discharge. There were two periods of increased 
discharge, lasting approximately two weeks each. The first examination for 
inclusions was made during the second exacerbation, three months after the onset 
of symptoms. The inclusions were few, and healing appeared to be complete 
seven months after the onset of symptoms. Complement-fixation tests for the 
gonococcus gave negative results in the fourth month. 


Gonorrheal Urethritis: Since several observers have described the 
simultaneous presence of inclusions and gonococci, examination was 
made in 18 cases of gonorrheal urethritis for inclusions and free bodies. 
In no instance could they be demonstrated. It would seem that state- 
ments such as those of Stewart,’ who stated that the gonococci undergo 
granulation to form elementary bodies, are entirely without foundation. 
It is safe to say that when inclusions and the gonococci are observed 
together there is concurrent infection with the two organisms. 


Inoculation of Animals: Conjunctival scrapings from patients with 


active inclusion blennorrhea failed repeatedly to produce urethritis in 
two male baboons. 


SUMMARY 


Sixteen of 18 mothers in whose babies inclusion blennorrhea devel- 
oped had no clinical signs of genito-urinary infection. The remaining 
2 had chronic vaginitis, probably caused by T. vaginalis in the one 
case and by T. vaginalis and M. albicans in the other. Microscopic 
examination, however, revealed the presence of inclusion bodies in 


37. Stewart, F. H.: Prowazek-Halberstaedter Body, Seventh Annual Report, 
Giza Memorial Ophthalmic Laboratory, Cairo, 1932, p. 101. 





400 ARCHIVES OF OPHTHALMOLOGY 


epithelial cells from the cervix in 7 of 10 cases, and secretions from 
the vagina in 4 instances induced follicular conjunctivitis, character- 
istic of inclusion virus infection, in baboons. Free elementary bodies 
were observed in enormous numbers in smears of material from the 
cervix in 2 cases, a significant point in connection with the epidemiology 
of swimming pool conjunctivitis. The localization of the virus in the 
cervix in women is suggested. The infection appears to have little 
if any gynecological importance, although it may be a minor cause of 
leukorrhea. 


A case of inclusion urethritis in a man is reported. Transmission of 
the infection by sexual intercourse appears probable. 


PROPERTIES OF INCLUSION VIRUS 


Little is known of the properties of the inclusion virus. It is now 
generally accepted as biologically distinct from the virus of trachoma, 
which it resembles morphologically. The experiments of Lindner ** indi- 
cated that the inclusion virus does not resist drying and is destroyed 
by heating to 58 C. for fifteen minutes. It continues active in the moist 
state for one hour at room temperature and for three hours at incubator 
temperature. According to Gebb,*” the virus remains active in salt 
solution at room temperature or in the refrigerator for at least one 


hour. Lindner ** found that bile salts dissolved the elementary and 
initial bodies. 


Morphologic Characteristics—Like the viruses of psittacosis and 
trachoma,*® the virus of inclusion conjunctivitis has a relatively large, 
nonfiltrable young form, the Lindner initial body, and a minute, filtrable, 
coccus-like mature form, the elementary body. The morphologic charac- 
teristics of the elementary and initial bodies * have been considered pre- 
viously in detail. 

The occurrence of free elementary bodies in cases of inclusion con- 
junctivitis has been noted by Lindner and others, but their diagnostic 
importance does not seem to have been generally recognized. Lindner 
accorded great diagnostic significance to the initial body which he 


38. Lindner, K.: Zur Biologie des Ejinschlussblennorrhoe (Trachom) Virus, 
Arch. f. Ophth. 84:1, 1913. 

39. Gebb, H.: Experimentelle Untersuchungen iiber die Beziehungen zwischen 
Einschlussblennorrhoe und Trachom, Ztschr. f. Augenh. 31:475, 1914. 

40. On the basis of the following studies on filtration, the identity of the ele- 
mentary body of trachoma (Halberstaedter and Prowazek) and trachoma virus 
is accepted: Thygeson, P., and Proctor, F. I.: The Filtrability of Trachoma 
Virus, Arch. Ophth. 13:1018 (June) 1935. Thygeson, P.; Proctor, F. I., and 
Richards, P.: Etiologic Significance of the Elementary Body in Trachoma, Am. 
J. Ophth. 18:811, 1935. 
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observed, but it would seem that the possibility of confusion with bac- 
terial forms is greater in case of the initial body than in that of the 
elementary body. 

Uniformity in the size of the particles is characteristic of many 
viruses, as judged from the results of filtration with the Elford mem- 
brane.*?. It may be demonstrated microscopically in such diseases as 
vaccinia variola, fowlpox and molluscum contagiosum, in which ele- 
mentary bodies constitute the virus. Uniformity in the size of the 
elementary bodies occurs in inclusion conjunctivitis and aids in distin- 
guishing them from nonspecific granules and minute bacteria. Elemen- 
tary bodies are not to be considered diagnostic except when seen in 
groups. 

Staining Reactions —The elementary and initial bodies are gram- 
negative and stain poorly with ordinary aniline stains. The previous 
report * was in error in comparing the staining reactions of the various 
elementary bodies. The elementary bodies of trachoma, inclusion con- 
junctivitis and psittacosis ** stain poorly with aniline dyes but may be 
demonstrated readily with the Giemsa method or with River’s modifi- 
cation of the Castenada stain. Other elementary bodies, such as those 
of vaccinia and molluscum contagiosum, require mordants or prolonged 
immersion in the Giemsa stain (twenty-four hours at 55 C.). When 
once stained, the elementary bodies in all these diseases appear mor- 
phologically similar. Whether the variation in the staining reaction 
denotes an important difference between the two groups is not known. 
3edson ** has called attention to the somewhat comparable differences 
in staining reaction between Spirochaeta pallida and the blood spirochetes. 


Virus Colonies.—Like the inclusion bodies of psittacosis, vaccinia, 
fowlpox and infectious ectromelia, the inclusions of inclusion conjunc- 
tivitis may be considered as intracellular virus colonies. The character- 
istics of the colonies, as seen in sections or on wet fixed smears, have 
been described by Lindner.** 

The various stages in the intracellular development of the virus, 
from the initial to the elementary body, can be observed easily in films 
prepared by the wet fixation method. The colony develops at the expense 
of the cytoplasm of the epithelial cell, forming a cytoplasmic vacuole. 
As stated by Lindner, the larger initial body forms line the cavity of 
the vacuole while the elementary bodies lie in the center. The protoplas- 


41. Bauer, J. H., and Hughes, T. P.: The Preparation of the Graded Collodion 
Membranes of Elford, J. Gen. Physiol. 18:143, 1934. 

42. Dr. G. P. Berry furnished the material for the study of psittacosis. 

43. Bedson, S. P.: Personal communication. 

44. Lindner, K.: Die freie Initialform der Prowazek’schen Einschliisse, Arch. 
f. Ophth. 76:559, 1910. 
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mic bridges described by Lindner have not been seen, nor is there 
evidence of a stainable matrix. The cavity is probably filled with a 
fluid which has slight agglutinating properties, since occasional intact 
inclusions are seen outside the cell (fig. 7). In general, however, there 
is little tendency for the free elementary and initial bodies to agglutinate 
in masses. 

Owing to the high refractivity of the elementary and initial bodies, 
the virus colonies are readily demonstrable by transmitted light in 
unstained moist preparations. 


Significance of Elementary Bodies.—Lindner ** and Howard ** con- 
sidered the elementary bodies as degenerative products of the initial 
bodies, while Prowazek stated that they were the active virus. The 
latter interpretation was supported by two previously reported filtration 
experiments ? in which the infectivity of the elementary bodies, after 
removal of the initial bodies, was clearly demonstrated. 





Fig. 7.—Photomicrograph (magnification about 2,000) of free elementary and 
initial bodies shown on a smear of material taken from the cervix in an experi- 
mental infection. The size of the elementary body may be observed in relation 
to that of ordinary bacteria. 





Significance of Free Initial Bodics—The free initial body is probably 
the result of premature rupture of epithelial cells containing immature 
inclusions. Under normal conditions premature rupture probably occurs 
rarely, for smears of secretions taken in the early stage of inclusion 
blennorrhea often show large numbers of elementary bodies without 
initial bodies. On the other hand, many free initial bodies are seen 
in epithelial scrapings, an occurrence which is probably the result of 
traumatic rupture of the cells. 


Developmental Cycle-—The use of the terms developmental cycle and 
life cycle, as applied to the sequence of events in inclusion conjunctivitis 


45. Howard, H. J.: The Role of the Epithelial Cell in Conjunctival and Cor- 
neal Infections, Am. J. Ophth. 7:1909. 1924. 
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and psittacosis, has been criticized as suggesting protozoal affinities for 
these viruses. It has been pointed out that many bacteria in their growth 
on culture mediums exhibit large, bacillary young forms and small, 
coccoid old forms. 

While the protozoal nature of the Halberstaedter-Prowazek type of 
inclusion body has been claimed,** most observers consider that the 
virus resembles a minute intracellular bacterium. Whether or not 
bacteria exhibit phenomena in the nature of a life cycle has been the 
subject of much recent debate. In an excellent discussion of the question, 
Winslow **7 made the following statement: 


May we not assume, then, that with all living cells, the “life cycle” so far as 
the individual cell is concerned—is a cycle of simple binary fission. Other phe- 
nomena involving change in cell morphology and physiology of a cyclical nature 
are responses to changing environmental conditions and not the result of any 
inherent time mechanism. If a unicellular organism shows a definite series of 
morphological and physiological alterations in response to certain changes in 
environment which are likely to occur with reasonable frequency in its natural 
life, we may call it a “life cycle” if we wish. 


The intracellular change from initial to elementary body, which 
occurs in inclusion conjunctivitis with such apparent regularity, certainly 
justifies the use of the term developmental cycle. It may be said that 
no comparable cycle has been noted in connection with any conjunctival 
bacteria in their development in vivo. 

In the previous report? the developmental cycle in inclusion con- 
junctivitis was interpreted as follows: A free elementary body pene- 
trates an epithelial cell and, growing at the expense of the cytoplasm, 
enlarges to become an initial body. The initial body then divides, at 
first forming elements of approximately equal size; these become 
progressively smaller until the end-stage or elementary body stage is 
reached ; rupture of the cell, facilitated by the exhaustion of cytoplasmic 
substance, liberates the elementary body to infect new cells. Further 
observations in the 8 new cases of inclusion blennorrhea have confirmed 


the essential correctness of this view. The cycle appears to require about 
forty-eight hours. 


Multiplication of Virus During the Incubation Period.—The experi- 
ment previously reported ? in which virus was transferred to the normal 
eye in a case of unilateral inclusion blennorrhea was repeated. Inclusions 
were demonstrable at all times during an incubation period of six days, 
and three complete cycles were observed. The disease developed as a 


46. Thim, J. R.: Ueber Urethritis protozoica und den Erreger der Prowazek’- 
schen Kérperchen, Vienna, Josef Safar, 1922; personal communication. 


47. Winslow, C.-E. A.: What Do We Mean by a Bacterial Life Cycle? 
Science 81:314, 1935. 
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result of simple deposition of the virus on the conjunctiva, showing 
that infection may occur without trauma. 


Multiplication of the virus during the incubation period also was 
observed in a rhesus monkey (fig. 8) infected by direct transfer of 
scrapings obtained from a patient with inclusion blennorrhea. 


Fig. 8—Photomicrograph (magnification about 850) of inclusion bodies in 
the epithelium from the conjunctiva of a Macacus rhesus monkey twenty-four 
hours after inoculation with scrapings from the eye of an infant with inclusion 
blennorrhea. 


Epithelial Habitat of the Virus.—The failure of Lindner * to induce 
infection in baboons by deposition in the subconjunctival tissue ot 
the virus of inclusion blennorrhea by injection through the surface of the 
skin to avoid the conjunctiva indicated the lack of susceptibility of the 
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subconjunctival tissues to the virus. This feature is well indicated in 
the results of morphologic studies in the following 2 cases: 


Case 13 (inclusion blennorrhea).—A specimen was taken for biopsy from the 
upper fornix five weeks after the onset of symptoms. Sections stained with the 
Giemsa method showed abundant inclusions in the epithelium, but none could be 
demonstrated in cells of the subepithelial infiltrate. 


Case 1 (adult inclusion conjunctivitis) —A specimen was taken for biopsy 
from the lower fornix, two months after the onset of symptoms. Sections stained 
with the Giemsa method showed an occasional epithelial inclusion, but none could 
be demonstrated in the cells of the follicles or of the infiltrate. 


Failure to Cultivate the Virus.—Artificial Mediums: Cultivation of 
the elementary and initial bodies in artificial mediums was reported 
ly Noguchi and Cohen.?? Although their results were accepted by 
Lindner and by Howard,** numerous attempts to repeat the experiment 
have failed. On the basis of a careful analysis of the original report 
it is believed that elementary and initial bodies have not been cultivated. 


Tissue Culture: Preliminary attempts to cultivate conjunctival 
epithelium in vitro failed. The cells appeared to remain alive for several 
days, but they were immune to infection with filtered suspensions of 
elementary bodies. 


Failure of the Virus to Multiply After Removal From the Eye: 


In order to determine whether multiplication of the virus would occur 
outside the body, the following experiments were made: 


Bacteria-free scrapings obtained from the upper fornix in a case of acute 
inclusion blennorrhea with abundant inclusions and free bodies were suspended in 
a small quantity of Tyrode’s solution under sterile conditions. Part of the sus- 
pension was removed with the pipet, spread on slides and stained by the Giemsa 
method. The remaining portion was incubated at 37 C. for seventy-two hours; 
it was then spread on slides, stained and examined. There was no evidence of 
multiplication of the virus; the percentage of inclusions was approximately the 
same in the incubated and in the unincubated specimens. It was apparent from 
the staining reactions of the incubated cells that they had remained alive for a 
considerable period after removal from the body. 

This experiment was repeated twice, temperatures of 30 and 22 C. being used 
for incubation with identical results. 


Susceptible Species —Man and several species of monkeys are sus- 
ceptible to the virus. Macacus rhesus has been found relatively resistant, 
and the induced disease is of such mild character that the morphologic 
demonstration of inclusions is usually possible only during the incuba- 
tion period. The baboon appears to be the best experimental subject, 
since a disease develops in this animal comparable to mild inclusion 
conjunctivitis in man. Morphologic demonstration of inclusions is 
possible in the early stages of the disease. 
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In view of the desirability of a cheap experimental animal, attempts 
have been continued without success to induce inclusion conjunctivitis 
in the lower animals. A pig was inoculated repeatedly without 
results. Because of the successful transmission of such virus diseases 
as yellow fever and encephalitis to the white mouse, a series of intra- 
cerebral inoculations with fresh virus was made in this animal, but the 
results were negative. Intratesticular inoculation of the rabbit failed 
to induce changes. Infection of the chorio-allantoic membrane of the 
chick embryo could not be produced. 
















Failure to Maintain the Virus in Macacus Rhesus.—An attempt was 
made without success to maintain a strain of inclusion virus in Macacus 
rhesus. The second passage was successful, although the clinical 
symptoms were mild, but the third transfer failed. 

Immunity.—According to Lindner, inclusion virus infection in the 
baboon confers temporary immunity for both inclusion blennorrhea and 
trachoma. The immunity tended to disappear after six months or a 
year. It is evident, however, from the clinical observations of Aust,'* 
James,** and one of us (Thygeson?) on the mothers of babies with 
inclusion blennorrhea, themselves carriers of the virus, who infected 
their own eyes, that no general immunity occurs in cases of inclu- 
sion virus infection in man. There is a distinct parallelism in this 
respect with gonorrhea, as gonorrhea of the urethra or cervix confers 
no immunity on the ocular mucous membrane. 

Experiments on Reinfection: 




















‘ EXPERIMENT 1.—In a baboon inoculated by direct transfer with material from a 
‘ patient with inclusion blennorrhea typical follicular conjunctivitis developed which 
: lasted approximately six months. Reinoculation seven months after the original 
: infection produced typical conjunctivitis, somewhat more severe than the first. It 
ran a characteristic course of five months. 


EXPERIMENT 2.—In a sooty mangabey inoculated by direct transfer with mate- 
rial from a patient with inclusion blennorrhea at the same time as the baboon 
used in the first experiment, typical follicular conjunctivitis developed, which 
healed after four months. Reinoculation at this time resulted in conjunctivitis 
of a much more severe form than that of the original infection. 









Experiments on Cross-Immunity: Previous trachomatous infection 
in the baboon produced no immunity to inclusion virus infections, as 
evidenced by the following three experiments: 





EXPERIMENT 1.—A baboon which had recovered from experimental trachoma 
was inoculated with epithelial scrapings obtained in a case of active inclusion 
blennorrhea. The result was follicular conjunctivitis characteristic of inclusion 
virus infection in baboons. It is interesting to note that the inclusion virus infec- 
tion was more severe than the original trachoma. ; 













48. James, W. M.: Am. J. Ophth. 13:1084, 1930. 
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EXPERIMENT 2.—A_ second baboon with slightly active trachoma (of five 
months’ duration) was inoculated with inclusion virus by direct transfer. Typical 
follicular conjunctivitis developed. 


EXPERIMENT 3.—In a third baboon, in which experimental trachoma had been 
healed for one month, severe conjunctivitis developed from direct transfer of the 
yirus of inclusion blennorrhea. 


Test for Virucidal Antibody: The absence of neutralizing antibody 
was demonstrated in a single case by the following experiment: 


The right eye of a baboon was inoculated with the following mixture, which 
had been maintained for thirty minutes at room temperature: equal parts of a 
suspension of elementary bodies obtained in a case of active inclusion blennorrhea 
and active, freshly drawn serum obtained in a case of adult inclusion conjunctivitis, 
experimentally produced by transfer of the virus of inclusion blennorrhea, ten 
months after the onset of symptoms. The left eye was inoculated with the sus- 
pension of elementary bodies diluted with equal parts of physiologic solution of 
sodium chloride, which also had been maintained for thirty minutes at room tem- 
perature. In both eyes typical follicular conjunctivitis developed. 


Test for Serum Agglutinins: Agglutinins for the elementary bodies 
of vaccinia-variola,*® psittacosis,*° varicella °' and herpes zoster ** have 
been demonstrated in the blood serum of patients who had had or were 
suffering from the diseases. With the technic described by Craigie *° 
for vaccinia, an attempt was made to demonstrate agglutinins for the 
elementary bodies of inclusion conjunctivitis which was still active eight 
months after the onset of symptoms. No agglutinins were demonstrable. 

These experiments indicate that inclusion virus infection does not 
result in the development of serum antibodies, a finding to be expected 
in a disease in which the localization of the virus is entirely epithelial. 


Filtrability of Inclusion Virus —That inclusion conjunctivitis may 
be produced in baboons and in man with bacteria-free filtrates would 
seem to be established from the positive results of the filtration experi- 
ments of Botteri,°* Gebb *® and one of us (Thygeson *). 


Relative Specificity of the Prowazek-Halberstaedter Type of Inclu- 
sion Body.—The presence of this type of inclusion body in conjunctivitis 
in this country limits the diagnostic possibilities to trachoma or inclusion 


49. Craigie, J.. and Wishart, F. O.: The Agglutinogens of a Strain of Vac- 
cinia Elementary Bodies, Brit. J. Exper. Path. 15:390, 1934. 

50. Bedson, S. P.: The Nature of the Elementary Bodies in Psittacosis, Brit. 
J. Exper. Path. 13:65, 1932. 

51. Amies, C. R.: The Elementary Bodies of Varicella, Lancet 1:1015, 1933. 

52. Amies, C. R.: The Elementary Bodies of Zoster and Their Serological 
Relationship to Those of Varicella, Brit. J. Exper. Path. 15:314, 1934. 

53. Botteri, A.: Klinische, experimentelle und mikroskopische Studien iiber 


Trachom, Einschlussblennorrhoe und Frithjahrskatarrh, Klin. Monatsbl. f. Augenh. 
50:653, 1912. 
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conjunctivitis. Differentiation between the intracellular colonies of the 
viruses of these two diseases cannot be made morphologically. While 
similar inclusions have been described as occurring in cases of vernal 
catarrh (Botteri,®** Lindner and Howard *°), it seems probable that in 
such instances there has been concurrent infection with trachoma or 
inclusion conjunctivitis. In 21 cases of vernal catarrh minute examina- 


tion has been made, but no inclusions or free elementary or initial bodies 
have been noted. 


Classification of Inclusion Virus.—Owing to the confusion which 
exists in the group of filtrable viruses, inclusion virus cannot be classi- 
fied at present. Prowazek applied the term Chlamydozoa or “mantle 

| animal” to this type of organism, but although this name has historical 
significance, it is obviously inappropriate. When sufficient knowledge 
ef viruses has been obtained to permit systematic classification, it is 
probable that inclusion virus will be grouped with the viruses of trachoma 
and psittacosis and possibly with those of vaccinia variola, fowlpox, etc., 
all of which have elementary virus granules. 

































Coles ** who discovered a Rickettsia-like organism which he named 
Rickettsia conjunctivae, in cases of conjunctivitis of goats, sheep and 
oxen, expressed the opinion that the organisms of inclusion conjunc- 
tivitis and trachoma should be classified with Rickettsia. In this animal 
disease he noted grouping of R. conjunctivae in inclusion-like masses 
and described large forms resembling the Lindner initial body as well 
as small coccoid bodies like the elementary bodies. He stated also that 
Rickettsia ruminantium (Cowdry), the causal agent of heartwater fever 


in cattle, exhibits initial and elementary body forms as well as inclusion 
masses. 


The close relationship between the viruses and Rickettsia has long 
been recognized. At present the genus Rickettsia is limited to a group 
of minute intracellular bacteria which have a blood-sucking arthropod 
as one of their hosts. Whether this definition should be modified to 
include the type of organism seen in inclusion conjunctivitis and 
psittacosis is a matter for future discussion. 


SUM MARY 





The morphologic and known biologic properties of inclusion virus 
are considered. Inclusion conjunctivitis confers no general immunity, 
as evidenced by the lack of neutralizing antibodies or agglutinins for the 
elementary bodies. There is no permanent local immunity, since rein- 










54. Coles, D.: A _ Rickettsia-Like Organism in the Conjunctiva of Sheep. 
Seventeenth Report of the Director of Veterinary Services, Ondersteport, Pre- 
toria, South Africa, 1931, p. 175; An Unknown Intracellular Organism of the 
Conjunctival Epithelium of Sheep, ibid., p. 187: personal communication. 
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fection in baboons is readily obtained. Baboons previously infected 
with trachoma virus showed no immunity to infection with inclusion 
virus. 

CONCLUSIONS 


The common occurrence of inclusion conjunctivitis of the new-born 
and the adult in the United States is confirmed. 

The absence of vascular changes at the limbus in inclusion conjunc- 
tivitis offers a valuable biomicroscopic sign for the differentiation of 
the disease from trachoma. 


Evidence confirming the existence of a benign inclusion virus infec- 


tion of the male and female genito-urinary tracts is offered. The venereal 
nature of the infection is probable. 


Preliminary observations suggest that the localization of the genito- 
urinary form of the disease is predominantly in the cervix in women 
and in the urethra in men. 


Inclusion conjunctivitis in this country is similar to gonorrheal 
ophthalmia in that transfer from eye to eve is rare. In most cases the 


condition appears to originate by transfer of secretion from the genito- 
urinary tract. 


Therapeutic agents effective in the treatment of bacterial conjunc- 
tivitis failed to influence the course of inclusion conjunctivitis. 


No evidence of general or permanent local immunity. was found 
in the experimental disease in baboons. 


Baboons previously infected with secretions obtained in cases of 
trachoma exhibited no immunity to inclusion virus infection. 
Accurate classification of inclusion virus is not possible at present. 


ABSTRACT OF DISCUSSION 


Dr. ClypE A. CLapp, Baltimore: As the authors have pointed out, 
a considerable number of investigators believe that the elementary 
hodies seen in the epithelial cells are ingested foreign material, probably 
of bacterial origin, rather than specific virus. Dr. D. T. Smith several 
vears ago demonstrated that many cells have the power to ingest 
hacteria and foreign material. If a few bacteria are ingested, the cell 
kills and digests the organisms; if the organisms are too numerous 
or too virulent, the cell itself is destroyed. Therefore, it seems that 


the so-called inclusion bodies might fall within the class of ingested 
material. 


In 1930 Gifford and Lazaar reported that they were able to produce 
inclusion bodies in animals and infants by instillation of irritants, such 
as nicotine and croton oil, but more recently they reported that the 
inclusion bodies so produced in animals are pseudo-inclusions and that 
those produced in infants are nonvirulent. Their explanation of this 
occurrence in infants is that the virus was dormant in the conjunctiva 
of the infant and that the irritant seemed to activate the virus. While 
this explanation may be correct, it needs further confirmation. 
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If, as Dr. Thygeson and Dr. Mengert seem to believe, the virus 
comes primarily from the genito-urinary tract and is the cause of non- 
specific urethritis, cervicitis, etc., it is strange that the urologist and 
gynecologist seem to have little faith in it as an etiologic factor. 

From the clinical standpoint, it is difficult to accept the statement 
that inclusion conjunctivitis occurs fairly frequently, since in my experi- 
ence such conditions as the authors describe are not seen, and I do not 
find the inclusion bodies frequently. Even if one failed to see either 
elementary or initial bodies, one would recognize cases of protracted 
follicular or papillary conjunctivitis associated with swelling of the 
preauricular gland, that continues for months even when actively treated. 

On the other hand, the frequency of occurrence of inclusion con- 
junctivitis may vary in different sections of the country, since Gifford 
stated that he saw the condition infrequently in Omaha and by inference 
more frequently in Chicago. But if the primary source of the infection 
is the genito-urinary tract, it is somewhat difficult to believe that this 
region contains less virus in cases occurring in Baltimore than in those 
occurring in lowa City or Chicago. 

Neither can I agree with the authors that pannus occurs uniformly 
in cases of trachoma of a duration of two months, since I have seen 
patients with trachoma in whom pannus never developed. At present 
there is no absolute diagnostic sign of trachoma; so a diagnosis of 
trachoma by a man of experience in one section may be controverted 
by that of an equally experienced man in another section. 


In spite of my belief that the inclusion bodies probably represent 


a cellular reaction, I expect that the investigators will shortly bring 
forward further proof, so that I may be obliged to change my opinion. 


Dr. PuiLttips THyGeson, lowa City: The question has been raised 
in connection with a number of virus diseases whether the elementary 
bodies seen associated with them are cellular derivatives or whether 
they are micro-organisms. In psittacosis, Dr. S. P. Bedson has proved 
immunologically that the elementary body contains protein that is 
foreign to the cell. We have not yet carried our studies on the elementary 
body of inclusion conjunctivitis so far. If the elementary body should 
be a cell granule, as Dr. Clapp suggests, there would seem to be no 
explanation for its occurrence in trachoma and inclusion conjunctivitis 
and its absence in bacterial conjunctivitis. There are no normal cell 
granules that can be confused with the elementary and initial bodies. 
The several cytologists who examined our preparations agreed as to 
the organismal appearance of these bodies and have compared them to 
Rickettsia. In the first report definite evidence was obtained by means 
of graded filtrations to. show that the size of the particles of the virus 
correspond roughly with that of the elementary bodies. 


I must differ with Dr. Clapp regarding the diagnosis of trachoma. 
I believe that in any case in which gross or biomicroscopic pannus does 
not develop within a few months the disease cannot be trachoma. The 
observation of a considerable number of cases has convinced me of the 
correctness of the statements of Dr. R. P. Wilson as to the 


arly 
appearance of pannus. 





ANATOMIC CHANGES AFTER CYCLODIALYSIS 


PETER C. KRONFELD, M.D. 


PEIPING, CHINA 


Practically all the facts and theories concerning cyclodialysis which 
had accumulated up to 1920 were clearly and thoroughly presented in 
Salus’ paper of that year.'| With regard to the mechanism of the opera- 
tion, his opinion was stated as follows: 


The pressure-relieving effect of the cyclodialysis depends, with great prob- 
ability, on a partial atrophy of the ciliary body, which is produced by obliteration 
of numerous arteries and perhaps also by damage done to ciliary nerves. While 
this atrophy develops gradually after the operation, the eye presents the picture 
of a mild cyclitis. Because of the lowered function of the secretory apparatus, 
the intra-ocular pressure is reduced and a more or less pronounced degree of 
hypotony, depending on extent and degree of the atropic changes, sets in. 


Meller, in his textbook on “Ophthalmic Surgery” (first edition), 
expressed a similar opinion: ‘‘The secretory function of the ciliary body 
seems to be reduced by the operation (circumscribed atrophy due to 
trauma to the ciliary nerves?).” 

The originator of this view was Krauss: * “The cyclodialysis 
is capable of reducing pathologic accumulation of intra-ocular fluid by 
producing a more or less extensive atrophy of the uveal tract.” Krauss 
sought proof for his idea chiefly in pathologic studies. According to 
Salus, eyes which are to be used for this purpose have to meet the 
following requirements: 1. The cyclodialysis must have been successful 
in reducing the tension. 2. The glaucoma must have been in an early 


stage. 3. Considerable time must have elapsed between cyclodialysis and 
enucleation. 


Until 1920 none of the eyes reported on met these three require- 


ments. The ciliary body was found to be atrophic in most of the cases 


in the area involved in the operation as well as in undialyzed portions. 
In Weekers’ * case alone was the ciliary body in an atrophic state only 
at the site of the operation. There, however, the entire thickness of 
the uvea was found to be interrupted by scar tissue, which extended 
from the shrunken vitreous to the operative scar in the sclera. Unin- 


tentional perforation of the uvea during the operation or rupture after- 
ward might have been the cause. 


1. Salus, R.: Klin. Monatsbl. f. Augenh. 64:433, 1920. 


? 


2. Krauss, W.: Ztschr. f. Augenh. 17:318, 1907. 
3. Weekers, L.: Klin. Monatsbl. f. Augenh. 45:230, 1907. 
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Since Salus’ review of the subject very little additional information 
concerning the mechanism of cyclodialysis has been obtained. 

Von Grosz * reported pronounced atrophy of the ciliary body at the 
site of a previous cyclodialysis in two cases. <A detailed description of 
his observations has not, to my knowledge, been published. Experi- 
ments on animals by Loddoni® and by Stoutenborough *® revealed no 
atrophy of the ciliary body after cyclodialysis. 

Elschnig * had the opportunity to examine an eye anatomically on 
which cyclodialysis had been performed twice in the same region, seven- 
teen and twenty-two years before the patient’s death. The operations 
had been successful, as the tension had been permanently reduced to 
from 5.5/5 to 5.5/8. The pathologic examination actually revealed a 
wide communication of the anterior chamber with the supraciliary space 
in the region of the two operations. Besides, the more lateral portions 
of the dialyzed ciliary muscle contained deep clefts or pockets, which 
also communicated with the anterior chamber. The tissue of the ciliary 
body itself was essentially intact; the processes were perhaps more 
sclerosed than elsewhere. “It is questionable whether such damage of 
the ciliary body . . . which obviously occurred here because of the 
repeated dialysis of the same area represents a unique phenomenon or 
whether it happens more often . . . The main effect of the 
cyclodialysis in this case must be attributed to the communication 


between the anterior chamber and the supraciliary space, although a 


lowered production of aqueous due to damage of the ciliary body cannot 
entirely be ruled out.” 


The case which is the subject of this paper meets only one of the 
three requirements of Salus. Its publication may, however, contribute 
to a better understanding of the mechanism by which cyclodialysis lowers 
the pathologically increased intra-ocular tension. 


A youth, aged 19, was admitted to the Peiping Union Medical College Hos- 
pital on March 20, 1935. Eight months before admission he had had an attack of 
inflammation in the left eye which produced a white spot on the cornea about 
one month after its onset. Soon afterward the white spot became black and began 
to protrude. Since that time he experienced headaches on the left side. The right 
eye remained unaffected. 

Examination on March 20 revealed mild papillary trachoma of both eyes. The 
right eye showed a small corneal ulcer near the lower limbus and numerous super- 


ficial corneal scars and facets, which were interpreted as signs of phlyctenular 
keratitis. 


4. von Grosz, E.: Ber. ti. d. Versamml. d. deutsch. ophth. Gesellsch. 42:151 
1924. 


5. Loddoni, G.: Ann. di ottal. e clin. ocul. 54:600, 1926. 
6. Stoutenborough, W. A.: Am. J. Ophth. 10:260, 1927. 


7. Elschnig, A.: Ber. ti. d. Versamml. d. deutsch. ophth. Gesellsch. 49:277, 
2932. 
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Almost the whole cornea of the left eye was replaced by a staphyloma. The 
apex of the staphyloma protruded about 8 mm. in relation to the apex of the right 
cornea. A small lower nasal crescent of the cornea had remained uninvolved in 
the formation of the staphyloma. The widest part of this crescent measured 
4mm. This portion of the cornea was fairly clear except for some fine superficial 
scars and a moderate number of superficial blood vessels. The iris could be seen 
to be in contact with the cornea. The tactile tension of the left eye was slightly 
but definitely increased (+1). The patient could perceive the light of a candle 
at a distance of 6 meters and projected it correctly in every direction. 

The patient’s original wish was to have the left eye removed. Because of the 
fact that my associates and I had had good results with partial excisions of 
staphylomas during the past winter, the patient was told of this possibility and 











Fig. 1—The average appearance of the ciliary body outside the field of opera- 
tion. Magnification, K 34. 


advised to have a tension-reducing operation as the first step and an optical 
iridectomy as the second. In case the tension-reducing operation and the iridec- 
tomy should lower the tension to at least the normal level and improve the vision 
to at least ability to count fingers in front of the eye, I felt that an attempt to 
excise a part of the staphyloma was indicated. The patient was told that if we 
failed to reduce the tension to a level below normal we should not dare to per- 
form the excision of the staphyloma. 

On March 22, 1935, Dr. T. H. Luo performed cyclodialysis on the left eye. 
Opposite 8 o’clock the conjunctiva and the sclera were incised 7 mm. from the 
limbus. The scleral incision was just wide enough to admit the spatula (2.5 mm.). 
The spatula slipped into the superciliary space without any difficulty but did not 
appear in the anterior chamber. The spatula was removed and introduced again 

















Fig. 2.—The ciliary body in the area of the operation. It is well attached to 
the sclera and exhibits an irregular-shaped defect in the meridional portion of 
the muscle. Magnification, x 34. 








Fig. 3.—The scar following the scleral incision. Magnification, « 119. 
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in a somewhat different direction, but it did not appear in the anterior chamber. 
Finally, a sweeping motion of about 30 degrees extent toward each side was made, 
and the spatula was withdrawn. During these maneuvers the intra-ocular part of 
the spatula was pressed snugly against the sclera. The patient complained of 
fairly severe pain during the introduction of the spatula and during the sweeping 
motion. The postoperative course was uneventful. The tactile tension remained 
slightly above normal. 

On March 27 a small iridectomy was performed opposite 7 o’clock. An irregular 
but clearly visible coloboma resulted. Subsequent to this operation, the corneal 
crescent, nasally and below, became considerably more opaque, and the tension 
remained slightly above normal. This increased opacity of the cornea after opera- 





Fig. 4—The ciliary body in the area of operation and “pocket” in the ciliary 
body. Another defect lies more anteriorly and centrally, near the big artery, in the 
circular portion of the muscle. It is separated from the big pocket by a layer of 
normal muscle fibers. This section also shows the defect in the lining of the ciliary 
body. Magnification, * 119. 


tive incisions of the limbus, compared to the state of the cornea before the 
operation, is a fairly common event. In this case, however, it seemed to spoil 
completely the patient’s chance of getting any useful vision. Besides, the tension 
had not become as low as we wanted it, and we felt that further attempts to 
restore the normal appearance of the eye had a very small chance of being success- 
ful. Therefore, the eye was enucleated on April 3. The eyeball was fixed in 
Zenker’s solution and bisected in the direction of the vertical meridian, and the two 
halves were embedded in pyroxylin. Serial sections were made of the whole eyeball. 








Fig. 5.—A section in which the pocket was found to be the largest. The pocket 
is filled with a young scar. Magnification, « 94. 








Fig. 6.—Scar tissue replacing the destroyed portion of the muscle. Magnifi- 
cation, * 210. 





KRONFELD—ANATOMIC CHANGES AFTER CYCLODIALYSIS 417 


Their direction came very close to being sagittal. Their average thickness was 
20) microns. 

Anatomic Observations—In the vertical sections the lower half of the 
staphyloma appeared conical and the upper half spherical. Its apex lay approxi- 
mately in the anteroposterior axis of the eye. In the upper half Bowman’s mem- 
brane was entirely absent, while Descemet’s membrane was preserved over an 
area of 14 mm. The pectinate ligament and Schlemm’s canal were compressed 
and contained clumps of pigment. Schlemm’s veins were patent. The atrophic 
root of the iris lined the anterior surface of the ciliary body completely and was 
firmly adherent to the structures of the iridocorneal angle. From there on the 
iris was almost normal in appearance and thickness and followed Descemet’s 
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Fig. 7—The deranged tip of a ciliary process in the area of operation. Magni- 
fication, < 76. 


t 


membrane closely but without forming adhesions to its end (1.6 mm. from the 
upper iridocorneal angle). Up to this point the lamellar arrangement of the 
cornea was fairly well preserved. Histologically, the staphyloma began at this 
point. Its texture suggested short duration. 

A much larger portion of the cornea had been preserved below. Bowman’s 
and Descemet’s membranes could be followed for a distance of 5 mm. The deeper 
corneal lamellae were better preserved than the superficial. The intermediate 
layers especially were extensively scarified. In the staphylomatous tissue and in 
the corneal stumps hemorrhages had occurred. The condition of the iridocorneal 
angle and iris root below was the same as in the upper half. Owing to the fact 
that more cornea survived the original ulcer, most of the iris was not involved in 
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the formation of the staphyloma. 


Only the pupillary border had partly con- 
tributed to its wall. 


In the very shallow anterior chamber was some free blood. 
The ciliary body in the portion of the eye that had not been operated on was 
of the hyperopic type and free from any pathologic changes. There was no sign 
even of a circulatory upset. As found so commonly, the ciliary body had become 
separated from the sclera during the process of fixation and adhered only to the 
scleral spur. This artificial detachment extended backward beyond the ora serrata. 
The posterior segment of the eye showed no abnormalities. The lamina cribrosa 
occupied the normal position. The excavation of the nerve head was definitely 
physiologic. The myelin sheaths of the optic nerve were intact. 











Fig. 8—Another aspect of the deranged tip of a ciliary process. Magnification, 
x 94. 


Area of the Operation—The scleral incision was visible in twelve serial sec- 
tions (equaling 2.4 mm.). It presented itself as a gap in the scleral lamellae, which 
was filled up by young and rather loose granulation tissue. Over the posterior half 
of the distance between the operative incision and the scleral spur the ciliary body 
was actually adherent to the sclera. In the anterior half of this distance the ciliary 
body was either attached to the sclera or slightly separated by a narrow, doubt- 
lessly artificial cleft. Some parts of the ciliary muscle which had _ probably 
been under the influence of the operation exhibited, as will be described later, 
pockets and clefts, some of which bordered on the sclera and thus gave the 
impression of an open supraciliary space. These pockets were filled with young 
granulation tissue which replaced muscle fibers that had been destroyed. Altogether 
it could be stated that in the major portion of the area of operation the ciliary 
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body was soldered onto the sclera. There was no “track of the spatula” in the 
sense of an open canal. The route which the spatula had taken was in its posterior 
half marked by small hemorrhages, clumps of free pigment and pigment-laden 
phagocytes instead of normal chromatophores in the outer portion of the muscle. 
There was only a very slight inflammatory reaction. In the anterior half the 
histologic signs of the previous introduction of the spatula were few and slight. 


Extent of Anatomic Changes 
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* Section 1 of series 1, designated here as 11, lies slightly nasal to the vertical meridian of 
the eye. The sections from the nasal half of the eye are given in Arabic numerals, and those 
from the temporal half of the eye (not mentioned in the table) in Roman numerals. The 
number 57, for instance, means that the section carrying this number came from a part of 
the eye located 57 by 20 microns (the average thickness of one section) nasally to section 1. 


About 0.1 mm. behind the tip of the scleral spur, right behind the actual insertion 
of the ciliary muscle, these signs disappeared. The muscle fibers which formed 
the insertion seemed to be intact in all sections. They bordered directly on the 
scleral spur on one side and on the atrophic root of the iris on the other, which 
showed a small (0.050 mm. wide) gap in the pigment epithelium. Some free 
erythrocytes lay between the more superficial muscle fibers. The whole picture 
could not be interpreted as that of a perforation of the iris root, because the 


muscle fibers forming the insertion of the ciliary body showed no breaks, tears 
or dislocation. 
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Thus the histologic examination confirmed the surgeon’s impression that the 
spatula had been in the supraciliary space. The spatula had, however, been intro- 
duced three times. I therefore thought of the possibility that the spatula had at 
least once been introduced in a faulty direction and had perforated the pars plana 
of the ciliary body. I searched all sections containing the area of the operation 
for signs of a perforation. In thirty sections a lesion was found in the pars plana, 
the posterior edge of which lay 0.5 mm. from the scleral incision. In this area 
the pigmented epithelial layer was irregular and thicker than normal. The thick- 
ening was chiefly due to a scattering of pigment, principally in the inward direc- 
tion. It lay below and between the nonpigmented epithelium, the cells of which 
were also abnormal in this region. No distinct outlines of cells could be seen, 
and the oblong nuclei were arranged parallel to the inner surface instead of being 
perpendicular with a slight slant forward. The elastic lamella and the reticulum 
of Mueller, however, were intact in this region. The lesion had a length of 
0.4 mm. in the meridional direction and a width of 0.6 mm. in the equatorial 
direction. The integrity of the elastic lamella made it impossible that the lesion 
described represented a healed perforation. It most probably was the result of 
blunt pressure by the spatula. 

The other possibility, viz., that the blunt spatula after it had been introduced 
half-way into the supraciliary space had then been brought in a more radial 
direction with regard to the eye and thus invaded the muscle proper, seems highly 
unlikely because the surgeon was certain that the handle of the spatula was not 
elevated while the spatula was in the eye. 


The ciliary body in the area of operation exhibited a number of changes which 
were present nowhere else in this eye. These changes were characterized by 
absence of the normal muscle fibers and their replacement by a scar. They con- 


cerned the ciliary muscle in its meridional and circular portions. These changes 
were present in the form of small foci which stained very lightly and had ragged 
but very sharp borders formed by intact parts of the muscle. They appeared 
triangular or semicircular in the vertical sections. Some of them bordered on 
the sclera. Those that lay in the circular portion of the muscle bordered on the 
vascular layer. The normal muscle fibers had completely disappeared in all these 
areas. They always contained large clumps of pigment, a varying amount of 
coagulated protein and some red blood cells. These clumps of pigment were 
round or oval and measured from 10 to 30 microns in their longest diameter. 
They were studied in completely and incompletely depigmented sections. It was 
found that most of the pigment lay in cells in which the well-staining small 
kidney-shaped or triangular nuclei had been pushed toward the periphery. 
They, I believe, represented phagocytes rather than derivatives of the normal 
chromatophores. Granulation tissue had subsequently developed in these defects 
and was forming a scar. In some of the lesions the granulation tissue was not 
visible yet. There the picture of subacute mild inflammation with polymorphonu- 
clear, neutrophilic or eosinophilic leukocytes prevailed in and around the cavity 
which contained coagulated protein. 

The remainder of the ciliary muscle in the area of operation showed normal 
muscle fibers. Some of the chromatophores which lay between them were of the 
clump type rather than of the delicate spindle type, indicating that some slight 
damage had been done to these areas also. 

At one place the inner surface of the ciliary body was involved. The two 
normal epithelial layers were absent and replaced by spindle cells which seemed 
to develop from neighboring parts of the nonpigmented epithelium. These 
fibroblast-like cells tended to grow beyond the limits of the ciliary body. They 
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attached themselves to zonular fibers and grew toward a place in the posterior 
chamber which apparently had before been the tip of a ciliary process. There, 
slightly inward to intact ciliary processes lay a mass of heavily pigmented cells 
surrounded and interpermeated by the aforementioned spindle}cells, which acted as 
phagocytes, taking up some of the pigment. It was a mass of cells devoid of any 
regular arrangement. No necrotic cells or remnants of a stroma could be found 
in it. Only very slight bleeding had occurred there. Obviously it was a deranged 
tip of a ciliary process in a state of active proliferation of its epithelial elements. 

Except for the inflammation around some of the foci there were no signs of 
cyclitis. The vessels of the ciliary body exhibited no pathologic changes. 

The extent of the changes described is indicated in the table. 


COMMENT 


As mentioned before and indicated in the table, the changes in the 
structure of the ciliary body were present only in the area of the opera- 
tion and must therefore be related to the undermining of the ciliary 
body. The undermining had been incomplete, as the ciliary muscle had 
not been separated from the scleral spur. This, at least, is the only 
way to explain on the basis of the histologic picture the fact that the 
spatula did not appear in the anterior chamber during the operation. 
The operation could not possibly produce a communication between the 
anterior chamber and the supraciliary space. My case, therefore, can 
perhaps serve to show the effects of simple undermining of the ciliary 
body. Two weeks after the undermining, certain parts of the under- 
mined ciliary muscle were found to be absent or greatly disturbed. 

It was chiefly muscle tissue and the tip of one ciliary process that 
had been affected in this way by the operation. The question arose 
whether these changes were caused by direct trauma or by necrosis or 
necrobiosis caused by impaired blood supply to the ciliary body. I 
believe that the latter factor was by far the more important one, because 
some destroyed parts lay at places where the spatula could not have 
reached. The defects in and near the circular portion of the muscle 
were in many sections separated from the track of the spatula by a 
layer of intact muscle fibers. The same is true for the tip of the ciliary 
process. I believe, therefore, that this case proves that even a very 
modest cyclodialysis does impair the nutrition of the ciliary body suffi- 
ciently to produce partial necrosis. Two weeks after this has happened 
the necrotic material has been removed, and only reactive inflammation 
or a young scar is found. This is in accordance with observations else- 
where in the human body. 

What the further course of events would have been had the eye 
not been removed can be figured out. 

The defects in the muscle would have been filled in by scar tissue 
because according to Kriickmann ® vicarious formation of new muscle 


8. Kriickmann, E.: Arch. f. Ophth. 52:293, 1896. 
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tissue after incised wounds of the ciliary body does not occur. Those 
scars would have had a tendency to contract and thus have become 
smaller and smaller. It seems, therefore, quite possible that an examina- 
tion several months after a not very extensive cyclodialysis would reveal 
no striking differences in appearance between the muscle on the side 
on which the operation was performed and the muscle on the side that 
was not operated on, especially if the muscles on both sides are atrophic 
for other reasons. 

If the whole ciliary body in the region in which operation was per- 
formed had become dialyzed after the operation, it would seem con- 
ceivable that the constant irrigation of the cavities with aqueous fluid 
might have prevented the formation of a solid scar. Thus a permanent 
pocket or cleft in the muscle might have developed like the ones found 
by Elschnig. 

How the deranged tip of the ciliary process would have looked in 
the end is difficult to say. Functionally speaking, its partial destruction 
would without doubt have reduced the fluid-producing surface of the 
ciliary body to a certain extent. Thus it may have had a considerable 
influence on the intra-ocular tension, irrespective of what theory con- 
cerning the formation of the aqueous one adheres to. 

I am fully aware of the fact that the anatomic material concerning 
the effects of cyclodialysis in man is still so meager that it is impossible 


to say with certainty that the alterations described in this paper are 
typical and characteristic for a cyclodialysis done lege artis. 





MEASUREMENT OF SPEED OF ADJUSTMENT OF 
EYE TO NEAR AND FAR VISION 


A FURTHER STUDY 


C. J. ROBERTSON, M.D. 
Lieutenant Commander (M. C.), U. S. Navy 


ANNAPOLIS, MD. 


In the July 1935 issue of the ARCHIVES OF OPHTHALMOLOGY ' 
appeared an article by me entitled “Measurement of Speed of Adjust- 
ment of Eye to Near and Far Vision,” which dealt with a few tests which 
I had obtained on the multiple exposure tachistoscope, an apparatus 
developed by Ferree and Rand, of the Wilmer Ophthalmological Insti- 
tute of Johns Hopkins Hospital. The article was only a preliminary 
study and was written to stimulate thought and criticism along that 
line which would be of value to future work. I realized at the time of 
writing the article that the tests made were far too few to allow for 
the drawing of conclusions of any great moment, but I felt entitled to 
make the statement that more work should be done in order to make 
a positive or negative report as to the value of such measurements of 
speed of adjustment of the eye for near and far vision. The conclu- 
sions given at that time were as follows: 

Speed of vision in aviation is essential, and measurement of this speed can be 
made. 


A standard of measurement of speed of vision can be established if sufficient 
tests are made on men of various ages. 

Such a standard should be incorporated in the visual requirements for aviators. 

Such tests disclose the pathologic eye. 


Since July 1933, 656 tests have been performed: 561 on pilots and 
95 on nonpilots. 


The testing was carried out under controlled conditions. The lighting was 
continuously checked with the Macbeth illuminometer, so that all tests were 
made under the illumination of 5 foot-candles. Also, a tachometer was used to 
check the speed of the motor; thus, at all times the lighting and the speed of the 
apparatus were controlled. 

A printed form was evolved which contained the data considered essential for 
evaluation in the study, and it was used with each test. The particular factors of 
value are the time of day, age of the aviator, number of flight hours, number of 
years in aviation, number of crashes, refractive errors, visual acuity, accommoda- 
tion, depth perception and phorometric readings. 

1. Robertson, C. J.: Measurement of Speed of Adjustment of Eye to Near 
and Far Vision, Arch. Ophth. 14:82 (July) 1935. 
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Pilots are carefully selected physically on entry into aviation, with particular 
emphasis on all ocular conditions.2_ The nonpilots are not given the rigid original 
or annual examination to which the pilots are subjected. 

The data submitted on each test are such that a finer evaluation can be more 
than just a comparison of selected or nonselected groups of subjects, and a number 
of comparisons can be made. For example, the various age groups of pilots or 
nonpilots can be compared. Consideration can be given to subjects with various 
degrees of muscle imbalance, errors of refraction and other ocular disorders. 

It is considered that the exophoric person should have more trouble in converg- 
ing, and then take a longer time in passing from far to near vision, while the 
person with esophoria should have more trouble in diverging and hence take 
longer to pass from near to far vision. 
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At the beginning of this work I felt that the evaluation of the results would 
be so simple that with a multiplicity of tests I could immediately prove the worth 
of the work,? but I now find that a simple evaluation of age alone is insufficient 
for an intimate knowledge of the tachistoscope in its relation to aviation. 

It is not felt that a description of the machine or of the method of its use is 
necessary here, as a complete description was given in the earlier article. Suffice 
it to say that the tachistoscope is a machine so mechanically adjusted that the 
separately rotatable E’s at 33 cm., 6 meters and 33 cm. are cut by rotating disks 
which make one full revolution in 4 seconds. The degree of speed thus found is 
transposed into seconds or fractions of seconds for near vision, for changing from 
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2. Aviation Physical Examination, United States Navy Standard, 1927, in 
Manual of the Medical Department, United States Navy, Washington, D. C., 
Government Printing Office, 1927. 


3. Robertson, C. J.: Measurement of the Speed of Adjustment of the Eye 
to Near and Far Vision, U. S. Nav. M. Bull. 32:275 (July) 1934; A Compara- 
tive Study of the Measurement of the Speed of Adjustment of the Eye for Near 
and Far Vision, ibid. 33:187 (April) 1935. 
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near to far vision and for changing from far back again to near vision. This 
gives the speed of adjustment of the eye for different distances. 


In the original article I stated that the tests were far too few at 
that time to warrant, the forming of any definite conclusions. I still 
feel that I have too few tests on which to base evidence for standardi- 
zation in the subjects over 40. However, I do feel that the original 
premise that speed of vision, or, better, speed of adjustment, plays an 
important part in the flying ability of an aviator is upheld, and in this 
article I hope to demonstrate the truth of this premise. 

It should be understood that the pilots are a selected group. All 
pilots are given a rigid physical examination on admission into aviation 
and an annual examination which is just as rigid, excluding refraction. 
In some cases the examination is semiannual. The visual requirements 
and disqualifications are briefly as follows: 


1. The minimal vision in each eye is 20/20. 


2. An average depth perception of more than 25 mm. in five readings dis- 
qualifies the subject. 


3. Phorometric findings at 6 meters: Esophoria of more than 4 diopters is a 
disqualifying factor if associated with less than 4 diopters of prism divergence, if 
associated with diplopia on the tangent curtain, if associated with an amount of 
accommodation near the lower limits or if associated with an amount of hyper- 


phoria near the disqualifying limit. Exophoria of more than 10 diopters is a dis- 
qualifying factor. Exophoria of more than 2 diopters is a disqualifying factor if 
associated with an angle of convergence near the disqualifying limit or if asso- 
ciated with diplopia in the lateral position on the tangent curtain. Exophoria of 
more than 5 diopters is a disqualifying factor. Hyperphoria of more than 0.75 
diopter disqualifies without further evidence except in cases of qualified pilots, for 
whom 1 diopter is allowed. 


4. Phorometer at 33 cm.: Exophoria of 4 diopters may be considered normal. 
Any considerable variation from this should be considered in connection with 
other associated tests. Exophoria of 12 diopters is a disqualifying factor. 


5. Prism divergence of more than 9 diopters disqualifies if associated with an 
angle of convergence near the disqualifying limit. If prism divergence of less 
than 4 diopters is found associated with 4 diopters of exophoria at 6 meters or 
if prism divergence of more than 15 or less than 2 diopters is found, it is a dis- 
qualifying factor. 

6. Associated parallel movements disqualify the subject if underaction or over- 
action of any of the extrinsic ocular muscles produces diplopia, except in extreme 
positions, where a small separation of the images may be disregarded. 

7. Accommodation is normal if it lies between limits of 3 diopters above or 
below the mean allowed for the examinee’s age. 


8. An angle of convergence of less than 40 degrees disqualifies the subject. 


9. Refraction: The examinee is disqualified if his vision is not 20/20 in each 
eye with no more than 1 diopter of correction, hyperopic, myopic or astigmatic. 
A reasonable allowance may be made in the case of qualified fliers. 
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These requirements are given to demonstrate the selectivity of the 
aviators when used in comparison with the nonaviators, whose require- 
ments are, in brief, 20/20 vision in each eye with no gross errors and 
no pathologic conditions on admission to the service. 

The time involved in making the test is of value in the final analysis 
in each case. The average time on the machine for pilots and non- 
pilots was 26 minutes, the time for pilots being shorter than that for 
nonpilots. 

It was noted in the original article that to some extent this is a test 
also of immediate memory. Subsequent investigation has shown this 
to be true, but this feature is remedied by repeated tests when the 
examinee is slow. It is noted that those subjects found to have ocular 
errors of any type are much slower in their performance on the tachisto- 


TABLE 1.—Speed of Accommodation of Pilots from Near to Far Vision 








Time, Seconds 
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scope. Those without ocular error but found to be slow in their per- 


formance on the tachistoscope are invariably found to be sluggish 
mentally and without good immediate memory. 


RESULTS 


The results of the tests of 561 pilots aged from 22 to 54 are sum- 
marized in tables 1, 2 and 3. In these tables the subjects are arranged 
according to age in 5 year groups. 

Table 1 shows the speed of accommodation from near to far vision; 
table 2, the speed from far to near vision, and table 3, the entire time 
for accommodation from near to far and return to near vision. In 
these tables the rows from left to right show the distribution of time 
values for each age group; the columns from top to bottom show the 
distribution of age for each group of time values. The next to the 
last column shows the total number of subjects in each age group, and 
the last column shows the average time for the subjects in each group. 
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Table 1 shows the speed of accommodation from near to far vision 
in pilots from 20 to 51 years of age. The maximum number of tests 
was made on subjects between the ages of 25 and 29 years. 


The maximum number of tests for subjects of all ages showed a 
speed of between 0.7 and 0.8 second. 


There was a marked slowing in the speed of accommodation with 
the advancement of age. 


Any results that fell beyond the heavy line shown in the table, begin- 
ning at 0.9 second between the ages of 20 and 24 years and increasing 


0.1 second with each 5 year age group, were considered beyond the 
limit of safety. 


For 13 subjects the tests demonstrated disqualifying results. The 


conditions which were considered to be the causative factors were as 
follows: 


Group 1. Four subjects aged 20 to 24 
Case 1. (a) No demonstrated cause 
(b) Machine time, 15 minutes 
Case 2. (a) Astigmatic error 
(b) Hyperphoria of the left eye, 0.75 diopters 
(c) Exophoria, 12 diopters at 33 cm. 
(d) Vision, 19/20 in each eye 
(e) Machine time, 45 minutes 
Case 3. (a) Unequal visual acuity: 20/20 in right eye, 20/15 in left eye 
(b) Machine time, 30 minutes 
Case 4. (a) Astigmatic error 
(b) Machine time, 15 minutes 
Group 2. Six subjects aged 25 to 29 
Case 1. (a) Astigmatic error 
(b) Machine time, 15 minutes 
Case 2. (a) Sluggish 
(b) Machine time, 30 minutes 
Case 3. (a) Myopia 
(b) Machine time, 30 minutes 
Case 4. (a) Unequal vision: 20/15 in right eye; 20/20 in left eye 
(b) Low angle of convergence 
(c) Machine time, 45 minutes 
Case 5. (a) Astigmatic error in right eye 
(b) Machine time, 15 minutes 
Case 6. (a) Unequal vision: 20/30 in right eye; 20/20 in left eye 
(b) Result below visual requirements: vision in right eye, 20/30 
(c) Machine time, 45 minutes 
Group 3. Three subjects aged 30 to 34 


Case 1. (a) Unequal vision: 20/30 in right eye; 20/15 in left eye 
(b) Result below visual requirements: vision in right eye, 20/30 
(c) Machine time, 30 minutes 





ARCHIVES OF OPHTHALMOLOGY 


(a) Astigmatic error - 
(b) Exophoria of 8 diopters at 33 cm. 
(c) Machine time, 15 minutes 

Case 3. (a) Exophoria of 8 diopters at 33 cm. 
(b) Machine time, 25 minutes 


Table 2 shows the speed of accommodation from far to near vision 
in pilots from 20 to 51 years of age. 


The maximum number of tests was in subjects between the ages 
of 25 and 29 years. 


The maximum number of tests for subjects of all ages showed a 
speed of between 0.4 and 0.5 second. 


There was a marked slowing in the speed of accommodation with 
the advancement of age. 





TABLE 2.—Speed of 


Accommodation of Pilots from Far to Near Vision 
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Any results that fell beyond the heavy line shown in the table, begin- 
ning at 0.6 second between the ages of 20 and 24 and increasing 0.1 


second with each 5 years of age, were considered as beyond the limit 
of safety. 
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For 12 subjects the tests demonstrated disqualifying results. The 


conditions which were considered to be the causative factors were as 
follows: 


Group 1. Six subjects aged 20 to 24 


Case 1. (a) Inequality of accommodation 
(b) Machine time, 30 minutes 
Case 2. (a) Astigmatic error 
(b) Machine time, 15 minutes 
Case 3. (a) Astigmatic error 
(b) Inequality of accommodation 
(c) Machine time, 15 minutes 
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Case 4. (a) Astigmatic error 
(b) Machine time, 30 minutes 
Case 5. (a) Exophoria of 10 diopters at 33 cm. 
(b) Machine time, 15 minutes 
Case 6. (a) Inequality of visual acuity: 20/15 in right eye; 20/20 in left eye. 
(b) Machine time, 30 minutes 
Group 2. Subjects aged 25 to 29. In no instance was the time more than 0.7 
second 
Group 3. Two subjects aged 30 to 34 
Case 1. (a) Low limit of accommodation for age 
(b) Machine time, 15 minutes 
Case 2. (a) Exophoria of 10 diopters 
(b) Machine time, 15 minutes 


TaBLE 3.—Speed of Accommodation of Pilots from Near to Far and Return 
to Near Vision 
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Group 4. Two subjects aged 35 to 39 
Case 1. (a) Inequality of visual acuity: 20/20 in right eye; 20/15 in left eye 
(b) Machine time, 30 minutes 
Case 2. (a) Nothing demonstrable 
(b) Machine time, 15 minutes 


Table 3 shows the speed of accommodation from near to far vision 
and return to near vision in pilots from 20 to 51 years of age. 

The maximum. number of tests was between the ages of 25 and 
29 years. 

The maximum number of tests for subjects of all ages had a speed 
between 1.15 and 1.25 seconds. 

Any results that fell beyond the heavy line shown in the table, begin- 
ning at 1.35 seconds between the ages of 20 and 24 and increasing 
0.1 second with each 5 years, were considered beyond the limit of safety. 

For 40 subjects the tests demonstrated disqualifying results. 
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The conditipns which were considered to be the causative factors 
were as follows: 


Group 1. Nine subjects aged 20 to 24 


Case 1. (a) Exophoria of 13 diopters at 33 cm. 
(b) Machine time, 30 minutes 
Case 2. (a) No cause demonstrated 
(b) Machine time, 45 minutes 
Case 3. (a) Exophoria of 6 diopters at 6 meters, associated with hyperphoria 
of 0.75 diopters in left eye 
(b) Sluggish reaction 
(c) Machine time, 30 minutes 
(a) No cause demonstrated 
(b) Machine time, 30 minutes 
(a) Unequal visual acuity: 20/20 in right eye; 20/15 in left eye 
(b) Exophoria of 9 diopters at 33 cm. 
(c) Machine time, 15 minutes 
(a) Less than 20/20 vision in each eye 
(b) Hyperphoria of 0.75 diopters in left eye 
(c) Exophoria of 12 diopters at 33 cm. 
(d) Astigmatic error 
(e) Machine time, 45 minutes 
Case 7. (a) Astigmatic error 
. (b) Machine time, 15 minutes 
Case 8. (a) Myopia 
(b) Machine time, 15 minutes 
Case 9. (a) Inequality of visual acuity: 20/20 in right eye; 20/15 in left eye 
(b) Machine time, 30 minutes 


Group 2. Ten subjects aged 25 to 29 

Case 1. (a) Exophoria of 10 diopters at 33 cm. 
(b) Machine time, 15 minutes 

Case 2. (a) Astigmatic error 
(b) Exophoria of 7 diopters at 33 cm. 
(c) Machine time, 15 minutes 

Case 3. (a) Inequality of accommodation 
(b) Machine time, 15 minutes 

Case 4. (a) No demonstrated cause (insufficient data) 
(b) Machine time, 30 minutes 

Case 5. (a) Myopia 
(b) Machine time, 15 minutes 

Case 6. (a) Low angle of convergence 
(b) Exophoria of 8 diopters at 33 cm. 
(c) Impatient 
(d) Machine time, 30 minutes 
(a) Inequality of visual acuity: 20/15 in right eye; 20/20 in left eve 
(b) Low angle of convergence 
(c) Machine time, 45 minutes 
(a) Astigmatic error in right eye 
(b) Machine time, 15 minutes 
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Case 9. (a) Below requirements of visual acuity: 15/20 in right eye 
(b) Inequality of vision: 15/20 in right eye; 20/20 in left eye. 
(c) Machine time, 45 minutes 
Case 10. (a) Exophoria of 10 diopters at 33 cm. 
(b) Machine time, 15 minutes 
Group 3. Nine subjects aged 30 to 34 
Case 1. (a) Exophoria of 16 diopters at 33 cm. 
(b) Machine time, 20 minutes 
Case 2. (a) Low angle of convergence 
(b) Machine time, 15 minutes 
Case 3. (a) Inequality of vision: 20/30 in right eye; 20/15 in left eve 
(b) Below required visual acuity: 20/30 in right eye 
(c) Machine time, 30 minutes 
(a) No cause demonstrated 
(b) Machine time, 15 minutes 
(a) Astigmatic error 
(b) Inequality of vision: 20/15 in right eye; 20/20 in left eye 
(c) Machine time, 20 minutes 
(a) Sluggish reaction 
(b) Machine time, 15 minutes 
(a) Exophoria of 10 diopters at 33 cm. 
(b) Machine time, 15 minutes 
(a) Astigmatic error 
(b) Exophoria of 8 diopters at 33 cm. 
(c) Machine time, 15 minutes 
Case 9. (a) Exophoria of 8 diopters at 33 cm. 
(b) Machine time, 25 minutes 
Group 4. Five subjects aged 35 to 39 
Case 1. (a) Astigmatic error in right eye 
(b) Machine time, 30 minutes 
Case 2. (a) Astigmatic error in left eye 
(b) Machine time, 45 minutes 
Case 3. (a) Inequality of vision: 20/20 in right eye; 20/15 in left eye 
(b) Machine time, 30 minutes 
Case 4. (a) No cause demonstrated 
(b) Machine time, 15 minutes 
Case 5. (a) No cause demonstrated 
(b) Machine time, 30 minutes 
Group 5. Two subjects aged 40 to 44 
Case 1. (a) Low and unequal accommodation 
(b) Exophoria of 8 diopters at 33 cm. 
(c) Machine time, 30 minutes 
Case 2. (a) Low accommodation 
(b) Machine time, no record 
Group 6. One subject aged 45 to 49 
Case 1. (a) Unequal vision: 20/15 in right eye; 20/20 in left eve 
(b) Low accommodation 
(c) Machine time, 30 minutes 
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Group 7. One subject aged 50 to 54 


Case 1. (a) Low and unequal accommodation 
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(b) Exophoria of 8 diopters at 33 cm. 
(c) Machine time, 30 minutes 


TaBL_e 4.—Comparison of the Average Speed of Accommodation of Nonpilots 
| 


and Pilots 


The causative factors in the foregoing cases were briefly as follows, 
order of relative importance: 


. Exophoria of 8 diopters or more at 33 cm. 

. Astigmatic error in one or both eyes 

. Unequal vision either below or above required 20/20 vision 

. Vision below required 20/20 level 

. Myopia 

. Low angle of convergence 

. Unequal accommodation 

. Low accommodation 

. Exophoria of 6 diopters at 6 meters associated with hyperphoria at the extreme 
limits 

. Sluggish reaction 
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return to near vision. 


Number 


of Number 
Non- of 
pilots Pilots 
40 94 
20 275 
17 135 
4 45 
6 5 
2 
2 





It was noted in checking the records of the subjects that 14 had 


right hyperphoria and 12 left hyperphoria within required limits. 


The average machine time was 27.16 minutes. This was 1.16 min- 


utes longer than is considered average for pilots and nonpilots. 


Table 4 gives comparative data on the average speed of accommo- 


nonpilots is needed for a more exact comparison. 


dation in the different age groups of nonpilots and pilots, taking into 
consideration near to far vision, far to near vision and near to far and 
In all age groups, with 3 exceptions, the pilots 
showed a faster speed of adjustment than the nonpilots. The com- 
parison is made between 561 pilots and 87 nonpilots. A greater number 


This emphasizes the value of visual requirements for the pilots 


and demonstrates the lack of visual requirements for the nonpilots. It 
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also demonstrates again the progressive slowing of speed of accommo- 
dation with age. 

Dr. C. A. Young, United States Navy, who was on duty at Pensa- 
cola, Fla., while the tests were being carried on, made tiie following 
observations : 

Practice and subsequent examinations have little effect on the results 
in normal persons. 

Two or more hours of continuous flying produces a slower reading, 
and this slowness is in direct proportion to the age of the subject. 

Mild forms of intoxication, whether from alcohol, tobacco or coffee, 
are likely to give a rather bizarre and slower reading. 

High altitude flying (18,000 to 20,000 feet) for two or more hours 
produced a result little different from that after flying two or more 
hours at a lower altitude. 

Dr. F. R. Haselton, United States Navy, who also was on duty at 
Pensacola, noted that men whose speed was unusually fast for their 
age group were abstainers from tobacco and that a man who was slow 
for his age group was an excessive smoker. 

There were a number of subjects in whom were found conditions 
such as have been enumerated and considered as causes for the slowing 
of speed of accommodation which did not so slow the speed. These 
subjects were consistently in the groups below 35 years of age, and 
it is considered that youth is the predominating factor in overcoming 
the condition. However, it is felt that these men are potentially eligible 
for a rapid slowing of accommodation under conditions of stress and 
fatigue as well as with an increase of age. 

In attempting to summarize the findings it is considered that there 
were an insufficient number of tests in the nonpilot group and also in 
the group of pilots over the age of 40; however, I feel that sufficient 
tests have been demonstrated in the group below the age of 40. 

Conclusive evidence has been set forth to show that age has a definite 
bearing on the speed of the adjustment of the eve for near and far 
vision ; that age, muscle imbalance, inequality of vision, refractive errors 
and other conditions tend to slow the speed of adjustment, and that 
selected men, such as pilots, tend to have a greater speed of adjustment 
throughout all ages. 

It is considered that the tachistoscope is of value in differentiating 
subjects who have visual and muscular errors and do not have sufficient 
speed of accommodation. 


CONCLUSIONS 


Age has a marked bearing on the speed of adjustment of the eve 
to clear seeing for different distances. 
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With anomalous conditions of the eye the age factor becomes of 
greater importance in the speed of adjustment. 

After the age of 30 the changes in the speed rapidly become more 
marked. 

The following conditions definitely cause a slowing of the speed 
of adjustment of the eye to near and far vision: age, exophoria of 8 
diopters or more at 33 cm., astigmatic errors in one or’ both eyes, vision 
below 20/20 in one or both eyes, inequality of vision even though above 
the required 20/20, myopia, a low angle of convergence, low or unequal 
accommodation, hyperphoria, esophoria of 6 diopters at 6 meters asso- 
ciated with hyperphoria at the extreme limits and sluggish reaction. 

It is considered that the premises which were made originally have 
been upheld, that speed of adjustment is essential in aviation, that a 
measurement of such speed can be made, that a standard should be 
established and that the pathologic eye can be demonstrated with tests 
with the tachistoscope. 





A REVIEW OF INFRA-RED PHOTOGRAPHY 


WITH REFERENCE TO ITS VALUE IN OPHTHALMOLOGY 


J. B. FELDMAN, M.D. 
PHILADELPHIA 


In medicine as in other fields, photography finds its usefulness as a 
valuable adjunct to didactic teaching. It is an accurate and impartial 
portrayal of the object viewed. 


The ether spectrum is arbitrarily divided. That portion of the 
spectrum which is visible lies between about 4,000 and 8,000 angstroms. 
Beyond the 4,000 angstrom level are the shorter rays: the ultraviolet, 
roentgen, gamma and cosmic rays, in the order given. The rays longer 
than the red (at 8,000 angstroms) are the infra-red rays (heat rays) and 
the hertzian rays, a portion of which has been utilized in radio broad- 
casting short wave and radio communication. There is no sharp 
definition between the rays but rather a gradual merging. 

All photographic plates or films are more sensitive than the human 
eye in the ultraviolet area. They register from about 3,300 angstroms. 
The shortest wavelength that the eye perceives is 4,000 angstroms. The 
higher limit of sensitivity for photographic films is 6,000 angstroms 
for the orthochromatic film up to 7,000 angstroms for the panchromatic 
film, as against 8,000 angstroms for the highest range of sensitivity of 
the human eye. Only the photo-electric cell, the cesium cell, exceeds 
the human eye in range of sensitivity; i.e., it has a range of sensitivity 
of between 2,000 and 8,500 angstroms. It is with the area beyond the 
range of 8,000 angstroms, the infra-red area, that this paper concerns 
itself. 

Infra-red photography can be said to have been discovered by 
Vogel in 1873, when he found that any photographic plate immersed 
in various dyes could be made sensitive to specific colors. It is only 
within the last few years that manufacturers, such as Eastman and 
Ilford, have been able to produce infra-red plates on a production basis 
requiring no more care in handling than the ordinary film. Since the 
infra-red plate, like all the other photographic plates, is sensitive to the 
ultraviolet rays in addition to its infra-red sensitivity, a filter must be 
used either in front of the source of light or directly in front or behind 
the lens of the camera to absorb the ultraviolet rays. 


__ All bodies of light give off heat. The temperature of a body of light 
Just perceptible by a dark-adapted eye, i.e., the threshold of the dark- 


From the Laboratory of Ophthalmology of Wills Hospital. 
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adapted eye, is 440 C. No photograph can be taken in absolute darkness, 
but a body of light covered by such dense filters as the Wratten 87, 88 A 
or 89 A filter in such a manner that no visible light is perceptible will 
give off heat rays, infra-red rays, and thus permit a picture to be taken in 
so-called darkness. Eastman and Ilford have in this manner succeeded 
in photographing an audience in a movie theater. 

With the use of infra-red photography heated bodies below the 
threshold of light, even as low as 320 C.,; have been photographed, as, 
for example a plaster of paris bust “illuminated” by the heat of two 
flat-irons. This infra-red photography in darkness with the aforenamed 
dense filters can be utilized in cases in which it is desired to know the 
exact size of the pupil at the threshold in studies of dark adaptation. 

Any camera and its equipment in film-holders or plate-holders which 
are not transparent to infra-red photography can be used. The one that 
I used was a 5 by 7 inch (12.7 by 17.7 cm.) camera with an F 4.5 
Wollensak Velostigmatic lens. The illumination was two flood-lights 
of 1,000 watts, one on each side and 3 feet (91.4 cm.) from the subject. 
The filter used was a number 25 A Wratten (tricolor red) filter behind 
the lens to absorb the ultraviolet rays. The regular plate used for com- 
parison with the infra-red plate, the same source of light being utilized 
in all instances, was a “par Speed film” allowing one and _ one-half 
seconds’ exposure. Infra-red plates may be hypersensitized by a 4 per 
cent solution of ammonia or a 0.5 per cent emulsion of tri-ethanolamine, 
but I have not found this necessary. All the plates were loaded and 
developed in absolute darkness, and formula D19 Eastman developer 
was used for six minutes, with potassium chrome alum for hardening 
the emulsion in hot weather, followed by the usual fixing in a bath of 
acid hypo. 

Aside from ophthalmology, infra-red photography has found its 
usefulness in the following industries and scientific undertakings : 


1. Moving Picture Industry.—The sun is essential to all plant life, 
which is protected from its excessive heat rays, infra-red rays, by 
chlorophyll, the green coloring matter of the plant. Chlorophyll reflects 
but does not absorb the heat rays. Chlorophyll photographs white by 
infra-red photography, by virtue of which it is made use of in the movie 
industry to similate snow. In daylight the blue sky, when cloudless, 
photographs black, and the sun registering like the moon, gives the 


illusion of oncoming night, thus making possible the photographing of 
night scenes in broad daylight. 


2. Textile Industry.—A color is recognized because it absorbs other 
colors but reflects its own individual color. By infra-red photography 


one can differentiate between a true color and one of its admixtures, thus 
evaluating the quality of fabrics and their dyes. 
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3. Examination of Altered or Aged Documents.—Infra-red photog- 
raphy has been used for examining erasures on documents or restoring 
old pamphlets. Figure 1, which is printed here by permission of the 
British Museum, shows an Egyptian leather tablet dating about 1,200 
B.C., with a photograph taken with a panchromatic plate and a con- 
trasting photograph taken with an infra-red plate. 

4. Scenic Photography.—Water vapor, fog or mist diffuses the 
shorter rays of light, while the infra-red rays, being longer, can pene- 
trate this atmosphere, thus enabling navigators to take pictures in fog. 
Figure 2 shows the difference in clarity of the same scene during a misty 
day in a photograph taken with a regular plate and one taken with an 








Fig. 1.-—Egyptian leather tablet. 4A, photograph taken with a panchromatic 
plate; B, photograph taken with an infra-red plate. Reproduced by permission of 
the British Museum, London. 


infra-red plate. Captain Stevens of the United States has been success- 
ful in obtaining what is believed to be the first photographic evidence 
that the earth is round—a picture of the Andes at an elevation of 20,000 
feet (6,097 meters) and a distance of 295 miles (475 kilometers). 
There is this disadvantage, however, in infra-red photography: While 
the photograph includes a great distance, the sense of perspective is lost 
in the picture. 

5. Astronomy.—Infra-red photography is useful in obtaining a clear 
view of stars hidden by nebulae. By using infra-red photography in 
conjunction with the spectroscope, there are noted, in addition to the 
normal solar absorption bands (Frauenhofer lines), two bands indicative 
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of the excessive amount of carbon dioxide in the atmosphere of the 
planet Venus. 

6. Botany—When fungus growth attacks the green leaf of the 
plant and is still not very visible to the naked eye, infra-red photography 
readily shows this pathologic condition (necrosis) as black areas on the 
white leaf, chlorophyll photographing white. 

7. Medicine ——Regular photography does not show the silver stain 
on the nerves of sectioned tissue, but the completeness of distribution of 
the silver pigment is easily discerned by infra-red photography. Micro- 
tome specimens, on account of their transparency, show better by regular 
photography ; opaque specimens, however, photograph better by infra- 
red photography. Thus, pictures taken by infra-red photography of a 
blow-fly and Micro Tessar show fine detail of internal structure not 
visible to the human eye or in a regular photograph. 





Fig. 2—Scene on a misty day. A, photograph taken with a regular plate; 
RB. photograph taken with an infra-red plate. 


Infra-red photography penetrates the superficial layers of the skin. 
Therefore, such diseases as eczema, psoriasis and other superficial 
cutaneous lesions can be better portrayed by the panchromatic plate. 
For the same reason the clean-shaven man appears by infra-red photo- 
graph to have a full-grown beard, and when the part to be photographed 
is very hairy it is best to shave the part before the infra-red photograph 
is taken so as to get a clearer idea of the underlying pathologic changes 
present. Lupus, on the other hand, when photographed shows the true 
course of the disease, since the scab accompanying the condition does not 
show on the infra-red photograph and the pathologic condition of the 
subsurface becomes clearly visible. Figures 1, 2 and 3 demonstrate the 
penetrating quality of infra-red photography, the same principle holding 
true in ocular photography in cases of hazy media. Ilford Ltd. (on page 
6 of their brochure) cite Professor Haxthausen of Copenhagen as using 
this form of photography to show the association of varicose veins to 
superficial ulcers. Varicose veins show clearly on the infra-red plate 
when not visible to the eye or ordinary film. 
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INFRA-RED PHOTOGRAPHY OF THE FUNDUS 


I have taken several infra-red photographs of the fundus. The 
results were not flattering. Photographs are taken with the Nordenson 
camera; the 25 A Wratten filter was used. A Nordenson camera has a 
filter in front of the lamp-house, the carbon arc, which is placed there 
to exclude the excessive heat, the infra-red rays within the arc. When 
this filter is not used and the exposure is prolonged, as is necessary in 
infra-red photography, the heat is so excessive that the cornea of the 
patient photographed becomes very irritated. Dr. I. Kugelberg of the 





Fig. 3.—A, photograph of varicose veins taken with a regular plate. B, photo- 
graph of varicose veins taken with an infra-red plate. 


University Eye Clinic of Uppsala has published his results with infra- 
red pictures of the fundus.‘ His exposures are claimed to be for one 
tenth of a second and more. Contrast and detail are difficult to obtain, 
so blood vessels were not sharply defined; all the normal retinal 
light reflexes were absent. The macula and parts of the retina light in 
color do not show by infra-red photography. Retinal hemorrhages are 


1. Kugelberg, I.: Der Augenhintergrund in infrarotum Licht, Acta ophth. 
12:179, 1934, 
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not discernible. On account of these defects, even if a photograph is 
possible through dense or turbid media, little value at present could be 
gained by this form of photography. 


PHOTOGRAPHY OF THE ANTERIOR SEGMENTS OF THE EYE 


For photography of the eye alone, a Druener stereoscopic camera 
was used, but only a flat plate was employed, as I do not believe that 
much can be gained by stereoscopic photography. For the present the 
value of infra-red photography in ophthalmology lies solely in a knowl- 
edge of the size, shape and location of the pupil, in order that the sur- 
geon may be able to determine the advisability of a corneal transplantation 











Fig. 4—A, photograph of a normal eye taken with a regular plate; B, photo- 
graph of the same eye with an infra-red plate. 








Fig. 5.—Dense corneal opacity due to interstitial keratitis. A, photograph 
taken with a regular plate; B, photograph taken with an infra-red plate. 


in a leukomatous cornea. A knowledge of the depth of the anterior 
chamber will not materially affect the surgical procedure or the prognosis. 

In using the Druener camera the lower power of the slit lamp F 5.5 
is used as the lens. After correct focusing the camera is pushed back 
one two hundredth of the focusing distance. There are certain English- 
made lenses which are corrected for infra-red photography in which this 
is not necessary. For pictures taken at a distance, as figures 1, 2 and 3, 
this is not necessary. The light used with the Druener camera was a 
100 watt photoflood, with an exposure of eight seconds. The longer 
exposure was not uncomfortable to the patient because the source of 
light was not great. The regular plate used for comparison with the 
infra-red plate was a 6 by 6 cm. Hammer plate. 

Shadows do not appear clearly by infra-red photography, as they 
do in the regular film, and figure 4 shows how much clearer the fibers 
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of the iris are in a normal eye when a regular plate is used, as against 
the infra-red plate. Disease of the iris, however, can be recognized 
in cases in which a leukoma is present with iritis by a difference in satu- 
ration in the colors of the plate. Figure 5 shows a dense corneal opacity 











Fig. 6.—Sclerosing keratitis of the left eye following an accident. A, photo- 
graph taken with a regular plate; B, photograph taken with an infra-red plate. 








Fig. 7.—Pannus in a case of trachoma of long standing. A, photograph taken 
with a regular plate; B, photograph taken with an infra-red plate. 





Fig. 8—Dense leukoma in a colored boy. 4, photograph taken with a regular 
plate; B, photograph taken with an infra-red plate. 


due to interstitial keratitis. Figure 6 shows sclerosing keratitis of the 
left eye following an accident. One notes the chalkiness of the flesh, 
the eyes appearing blackish, and also the exaggeration of the lines in the 
face in the infra-red picture. Figure 7 shows pannus in a case of 
trachoma of long standing. Figure 8 shows a Negro boy with a dense 
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leukoma. This photograph also shows what is supposed to be useful 
in ethnology in delineating the race of a person, it being reasoned that, 
since by infra-red photography black is photographed white, the fea- 
tures per se would be considered. This, however, is not absolutely 
so, since Caucasians sometimes possess negroid features. Figure 9 is a 
photograph of an eye of a young woman who had a leukoma, for which 
a peripheral iridectomy was done; a cataract resulted from the opera- 
tion. The infra-red photograph shows by slight underexposure of the 
film the clear cornea, the coloboma and a slight opacity which represents 
the dense lens. 





Fig. 9.—Eye of a patient who had an optic iridectomy for leukoma, with result- 


ing cataract. A, photograph taken with a regular plate; B, photograph taken with 
an infra-red plate. 


SUMMARY 


Photography can be arbitrarily divided into three types: regular 
photography ; roentgenography, which portrays the bony structure, and 
infra-red photography, which deals with the subsurface area. As a new 
venture, infra-red photography has accomplished great strides. Sharp 
definition of the structures cannot be obtained. However, in ophthal- 
mology a good idea of the contour of the pupil and its size, shape and 
position as seen through a dense cornea is obtainable. The presence 
or absence of occlusion by synechiae may be noted to advantage. 
Infra-red photography is valuable for the measurement of the size of the 
pupil in studies of dark adaptation. 


Northeast Corner Twentieth and Chestnut Streets. 





BINOCULAR INTEGRATION OF HUE AND 
BRILLIANCE 


GLENN A. FRY, Pu.D. 
ST. LOUIS 


An important fact in regard to binocular vision is that although 
separate impressions are formed on the two retinas, somehow they 
become integrated before they reach consciousness, so that a person is 
not aware of perceiving separately with his two eyes. Johannes 
Miller alleged that this fact can be explained on the theory that paths 
from corresponding points of the two eyes converge on common 
cerebral paths. Helmholtz objected to this theory because he could 
not see how it could account for the voluntary suppression of vision 
in one eye. He expressed the belief that the paths from the two eyes 
remain separate up to the point to which consciousness is adjunct and 
that the integration of the two monocular impressions is a psychic affair 
and the suppression of one of the images is simply a matter of the 
mind’s ignoring itt Helmholtz’ objection has been obviated by the 
demonstration that the voluntary suppression of vision in one eye is 
mediated through the accommodation mechanisms of the two eyes, 
which permits one to conceive of integration at the point of conver- 
gence as an automatic physiologic process.’ 

The problem of binocular fusion of unlike colors to form an inter- 
mediate color has also prevented serious consideration of the hypothesis 
of common cerebral paths as a basis for integration, because Helmholtz 
and his followers have argued that since the hypothesis of psychic fusion 
is necessary to account for the mixture of the alleged fundamental color 


From the Department of Ophthalmology, Oscar Johnson Institute, Washington 
University. The experimental work was commenced while the author was a 
National Research Fellow in the Biological Sciences and completed while he was 


a beneficiary of a grant from the American Academy of Ophthalmology and Oto- 
laryngology. 


1. Helmholtz stated his theory as follows: “This [the suppression of vision 
in one eye] is an important fact because it signifies that the content of each sepa- 
rate field comes to consciousness without being fused with that of the other field 
by organic mechanisms; and that, therefore, the fusion of the two fields in one 
common image, when it does occur, is a psychic act” (Helmholtz: Treatise on 
Physiological Optics, American edition, Ithaca, N. LY., The Optical Society of 
America, 1925, vol. 3, p. 499). 

2. Fry, G. A.: The Relation of Accommodation to the Suppression of Vision 
in One Eye, to be published. 
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sensations of one eye it is unnecessary to postulate any physiologic basis 
to account for the. binocular fusion of colors, for this also can be 
accounted for by psychic fusion. However, other investigators, among 
them Troland,* Walls * and I,° have proposed that color impressions are 
transmitted to the brain not by three separate sets of fibers but by 
the modulation of the frequency of impulses in single fibers. On this 
theory it is not necessary to account for the so-called intermediate colors 
in one eye by psychic fusion, for each color may be supposed to have 
its own characteristic modulation pattern, and it is conceivable that 
modulation patterns in the paths of the two eyes might integrate at the 
point of convergence. 

Since the aforementioned objections to Miller’s hypothesis are no 
longer formidable, one can in all seriousness undertake to explain the 
facts of binocular integration on this hypothesis. 

From all possible combinations of patterns which might be pre- 
sented to the two eyes one can select four types of combinations which 
illustrate all the principles of binocular integration: 


1. Combinations in which a border in one monocular pattern is 
pitted against a uniform surface in the other. 


2. Combinations in which borders in the two patterns cross each 
other. 


3. Combinations in which borders are placed at noncorresponding 
parts of the two patterns. 


4. Combinations in which borders in the two patterns coincide. 


In each of these types of combinations it is possible to trace out 
the roles played by three specific factors: (1) a tendency for a border 
in one field to inhibit or depress the impression from the corresponding 
part of the other field, (2) a tendency for the two monocular impres- 
sions to sum and give an increase in brilliance and (3) a tendency for 
colors of different hue to fuse and give an intermediate hue. The 
principles just cited constitute an outline for my approach to the prob- 
lem, and I may proceed now to the consideration of specific phenomena. 


1. ANTAGONISM BETWEEN A BORDER IN ONE FIELD AND A 
UNIFORM SURFACE IN THE OTHER 


This type of phenomenon can be demonstrated by presenting a dark 
disk in a white field to one eye and a uniform red field to the other. 


3. Troland, L. T.: The Enigma of Color Vision, Am. J. Physiol. Optics 
2:43, 1921. 


4. Walls, G. L.: Human Rods and Cones, Arch. Ophth. 12:927 (Dec.) 1934. 


5. Fry, G. A.: Modulation of the Optic Nerve Current as a Basis for Color- 
Vision, Am. J. Psychol. 45:488, 1933. 


| 
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The black disk is seen to have a red core and to be surrounded by a 
white halo which merges into a reddish-white field. The essential fact 
is that the red is not seen anywhere near the border of the disk but is 
noted only at the core and again at some distance outside of the disk. 
If the disk is small, red is not seen at the core but is apparent only out 
beyond the white halo. The red in the area corresponding to the disk 
cannot be said to be inhibited by the “blackness” of the disk, for black- 
ness is an absence of activity; rather the inhibition must be due to 
some physiologic process associated with the border. This explanation 
is supported by the fact that the inhibition of the red in the case of 
the large disk is confined to the region of the border. The white halo 
surrounding the disk also represents a zone of inhibition, in which the 
red is prevented from fusing with the white. 


A closely related phenomenon has been described by Helmholtz.® 
He combined a pattern made up of two letters, A and B, with another 
composed of B and C in such a way that the binocular impression was 
seen as A B C, the B’s in the two patterns coinciding. By way of 
casual observation he reported that A and C looked just as black as 
B, in spite of the fact that in each case the corresponding part of the 
other retina was exposed to a uniform white field. Helmholtz con- 
cluded, therefore, that each of these letters completely inhibits the 


impression of the white field in the opposite eye. Just as in the case 
of the black disk already described, the borders and not the blackness 
of the letters must be regarded as the cause of the inhibition. 


Although these observations are not quantitative, they suffice to 
demonstrate that a border in one visual field tends to inhibit the impres- 
sion from the corresponding part of the other field. The physiologic 
theories that have been proposed to account for this phenomenon, e. g., 
those proposed by Panum? and McDougall,® assuming that some kind 
of interaction between the retinocortical paths is necessary to explain 
the effects of contrast in brightness and contrast in color which are 
especially pronounced at borders, have proposed that the same process 
is responsible for the tendency of a border in one visual field to inhibit 
the impression of the opposite eye. This type of theory may be accepted 
as a working hypothesis, but one cannot commit oneself to any specific 
theory about the physiologic process responsible for contrast at borders. 


6. Helmholtz, H.: Helmholtz’s Treatise on Physiological Optics, American 
edition, Ithaca, N. Y., The Optical Society of America, 1925, vol. 3, p. 495. 

7. Panum, P. L.: Physiologische Untersuchungen iiber das Sehen mit zwei 
Augen, Kiel, Schwerst, 1858. 


8. McDougall, W.: On the Relation Between Corresponding Points of the 
Two Retinae, Brain 33:371, 1910. , 
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2. ANTAGONISM. OF BORDERS CROSSING EACH OTHER 

This type of phenomenon can be demonstrated by placing three 
parallel bright bars in the horizontal position before the left eye and 
three similar bars in the vertical position before the right eye by means 
of the apparatus shown in figure 1. The impression of these stimuli 
do not integrate but alternately inhibit each other so that only one of 
them is seen at a time. The brightness of the dextrocular stimulus 
was set at 0.78 candle per square foot, and the effect of varying the 
brightness of the sinistrocular stimulus was investigated. The results 
are presented in the left-hand graph in figure 2. The average length 
of the phases of dextrocular visibility decreases as the brightness of 
the sinistrocular stimulus increases. This means that the ability of the 
dextrocular impression to inhibit the sinistrocular impression decreases. ‘ 
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Fig. 1—Apparatus for investigating the binocular rivalry of bars crossing 
each other. The images of the two stimulus patterns are seen reflected in the 
two first surface mirrors. The dots in the center bars serve as fixation marks, 
and the mirrors are adjusted to compensate phoria. The bars are 134 inches 
(4.45 cm.) long, % inch (0.64 cm.) wide and % inch (0.64 cm.) apart. The 
artificial pupils are 2.06 mm. in diameter. The stimulus patterns are 13 inches 
(33 cm.) from the mirrors, and the mirrors, 2% inches (6.35 cm.) from the 
corneas. 


The effect of varying the blurredness of one of the monocular 
stimuli was also investigated. The stimulus pattern of the right eye 
was blurred by placing the cardboard screen containing the three bar- 
shaped openings behind the ground glass and placing the opal-flashed 
glass a short distance in front of the ground glass. When the ground 
glass is in contact with the opal-flashed glass, blurredness is at a mini- 
mum, but it can be increased to any degree by separating the two sur- 
faces. The effect of blurring the dextrocular stimulus on binocular 
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rivalry is shown in the right-hand graph in figure 2. For any degree 
of separation of the two surfaces the distribution of light in the stimulus 
pattern can be calculated, since the dispersing powers of the two sur- 
faces are measurable. The distributions in figure 3 for different degrees 
of separation are approximately correct. For the larger degrees of 
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Fig. 2—The left-hand graph shows the effect on the binocular rivalry of two 
sets of bars crossing each other produced by varying the brightness of the sinis- 
trocular set of bars. The right-hand graph shows the effect of varying the blur- 
redness of the dextrocular pattern. In both graphs each value represents an 
average of two one minute periods of observation, one series of observations 
being made in the ascending order of brightness or blurredness and the other in 
the descending order. 


i AUN 


Separation = Separation = ‘A 


WW. 


Separation = Y2" Separation = 














Fig. 3.—Distribution of light across the diameter of the dextrocular pattern 
of three bars in figure 1 for different degrees of blurredness produced by placing 
the screen containing the three bar-shaped openings behind the ground glass and 
varying the distance between the ground and the opal-flashed surfaces. 


separation not only do the borders become blurred but the difference 
in brightness between the bars and the intervals is decreased, and per- 
haps this factor, as well as the blurredness of the borders, is partly 
responsible for the effect on the rivalry. 
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3. ANTAGONISM OF A BORDER IN ONE FIELD FOR AN 
IMPRESSION IN A NONCORRESPONDING PART OF 
THE OTHER FIELD 

This type of phenomenon can be investigated quantitatively with 
stimulus patterns like those in figure 4 dA and B, which can be pre- 
sented to the two eyes by means of an apparatus like that shown in 
figure 1. The appearance of the binocular impression is that of a disk 
surrounded by an annulus, as shown in figure 4¢C. The brightness of 
both fields was set at 0.026 candle per square foot. The brightness of 
the annulus was set at various levels, and that of the disk was varied 
by the observer to determine the threshold. The results are shown in 
figure 5. The threshold for the disk rises as the brightness of the 
annulus increases. It has been demonstrated in a previous paper ® that 
the threshold of a test object is raised by a neighboring border in the 
same eye, and it is not necessary to assume that essentially different prin- 


A 
Left Eye Right Eye Combination 


Fig. 4.—Stimulus pattern for demonstrating the antagonism of a border in 
one monocular field for an impression in a noncorresponding part of the other 
field. The total diameter of each pattern is 1% inches (3.8 cm.). The annulus 
is %4, inch (0.47 cm.) wide and has an inside diameter of 5g inch (1.6 cm.). The 


disk is ¥% inch (0.96 cm.) wide. The points serve as fixation marks. 


ciples are involved when the neighboring border is in the opposite eye. 
In accordance with the principles laid down for the border in the same 
eye, it may be assumed in the case of the annulus in the opposite eye 
that the inside border tends to interfere with the impression of the disk 
and makes it necessary to increase the brightness of the disk in order 
to force the impression through to the higher cortical centers. In the 
case of one eye the impression is most likely blocked at the retinal level, 
but when the impression of the annulus is initiated in the opposite eye 


the impression of the disk must be blocked at the point of convergence 
or at some higher level. 


9. Fry, G. A., and Bartley, S. H.: The Effect of One Border in the Visual 
Field upon the Threshold of Another, Am. J. Physiol. 112:414 1935. 
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4. BINOCULAR COMBINATION OF OBJECTS WHEN THE 
BORDERS COINCIDE 

Gray Objects on Gray Backgrounds.—An investigation of this prob- 
len has been reported in a previous paper,'® and the following con- 
clusions were formulated: (a) When the background is darker than 
an object, the object appears more brilliant with two eyes than with 
one. The assumption that the impressions sum at the point of con- 
vergence provides only a partial explanation of the facts, because 
Fechner’s paradox makes it necessary to assume that the border of the 
dextrocular impression depresses the brilliance of the sinistrocular 
impression and that the dextrocular impression is in turn depressed 
by the border of the sinistrocular impression. Binocular vision gives 
an increase in brilliance over monocular vision only when the loss 
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Fig. 5—Graph showing the effect of varying the brightness of the annulus 
in one field on the differential threshold of a disk in the other field lying at a 
position corresponding to the center of the annulus. In order to get some indi- 
cation of the changes in the general condition of the eye during the course of the 
experiment, alternate determinations of the threshold were made with the bright- 
ness of the annulus set at the same level above its field and then with the 
brightness reduced to the level of the field. Five such pairs of readings were 
made for each level of brightness of the annulus. The different levels were taken 
first in the order of increasing brightness and then in the reverse order. Each 
value in the graph represents, therefore, an average of ten readings. The circles 
represent the differential threshold values of the disk obtained with different levels 
of brightness of the annulus, and the crosses show the changes in the general 
condition of the eye as measured by the differential threshold for the disk when 
the brightness of the annulus was equal to that of its ground. The threshold 
was determined by starting with a difference in brightness which could not be 


discriminated and by letting the subject increase the difference till it could be 
discriminated. 
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10. Fry, G. A., and Bartley, S. H.: The Brifliance of an Object Seen Binocu- 
larly, Am. J. Ophth. 16:687, 1933. 
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incurred through the mutual interference of the two impressions js 
more than compensated by the gain through summation. (b) When 
both objects to be combined are darker than their backgrounds, the 
brilliance of the binocular impression is equal to that of the darker 
of the objects. It seems that the darker of the two impressions com- 
pletely inhibits the other. Of special interest is the case in which the 
two stimuli have the same degree of darkness. The fact that the two 
give no increase in brilliance was proved indirectly as follows: The 
stimulus patterns in figure 6 were observed from a distance of 12 inches 
(30 cm.). When all three of the objects are black, A appears just as 
black as the combination of B and C, in spite of the fact that the corre- 
sponding part of the other field is white. Since the two black objects 
are black to start with, they cannot add anything to each other by 
summation, and the fact that A appears just as black shows that it 
completely inhibits the white field in the corresponding part of the other 
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Left Eye Right Eye 


Fig. 6.—Stimulus patterns for demonstrating that the impressions of objects 
darker than their backgrounds do not integrate. The points serve as fixation 
marks. The rectangles are % by % inch (0.64 by 1.27 cm.) and are % inch 
(0.64 cm.) apart. 






































pattern. If A is given an appreciable degree of brightness and _ the 
brightness of B and C is adjusted till their combination appears just 
as brilliant as 4, this brightness value is approximately the same as 
that of A. This means that B and C do not add anything to each other 
in the way of brilliance, and since they do not, it must be supposed 
either that they alternately inhibit each other and the change from one 
to the other is not noticed or else that only one of them is seen con- 
tinuously. (c) If a dark object in a bright field is combined with an 
object brighter than its field, as, for example, when a hole in a gray 
screen is left dark for one eye and brightly illuminated for the other, 
the two impressions are seen alternately. The intermittent disappearance 
of the bright object cannot be attributed to the darkness of the object 
seen by the other eye but rather is due to the process at the border of 
the impression, for the darkness at the center of the object represents 
an absence of activity. 
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Colored Objects on Gray Backgrounds.—Dawson "' used two disks 
of different color but equal in brightness and investigated the effect of 
varying the brightness of the grounds. He used black, white and gray 
grounds, the gray grounds being equal to the brightness of the disks. 
He found that there is less rivalry with the black ground than with 
either the gray or the white. This finding is supported by the following 
experiment, in which Mr. Robertson (R) and I (F) served as subjects. 
The apparatus illustrated in figure 7 was used. The hole (4) was seen 
red by the right eye and green by the left. AR (A as seen by the right 
eye) and AL (A as seen by the left eye) were both made of the same 
brightness (0.75 candle per square foot), and the brightness of the 
ground was varied from zero to 1.11 candles per square foot. In each 
case the subject observed for one minute, reporting alternations in color 
with a key which made a record on the drum of a kymograph. The 
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| Fig. 7.—Apparatus for demonstrating the binocular rivalry and fusion of 


colors. The stimulus pattern is a white square of cardboard with a hole at its 
center. The white surface surrounding the hole is illuminated from the lamps, 
U and Vl’, which are inclosed in boxes. At the front of these boxes are apertures 
covered with milk-glass, which diffuses the light. The intensity of illumination 
can be varied by changing the size of the apertures. The hole is illuminated for 
the right eye by red light from source Y. The saturation of this light can be 
reduced by mixing it with white light from source X. The plate glass reflects 
the white light and transmits the red. The hole is illuminated for the left eye 
by green light from source Z. The intensity of the red and the green light can 
be varied by rheostats, while that of the white light is more conveniently varied 
by the episcotister. The artificial pupils are 2.33 mm. in diameter. 


subject observed passively, i. e., without trying to prolong or shorten 
either the red or the green phases. When the ground was zero in bright- 
ness, rivalry set in at the beginning of the observation but soon gave 
way to steady fusion. The results obtained for the other brightnesses 


11. Dawson, S.: The Theory of Binocular Color Mixture, Brit. J. Psychol. 
8:510, 1917. 
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of the ground are given in table 1. The results indicate that so long 
as the brightness of the ground is definitely above zero, variations in 
the brightness of the ground do not appreciably affect the rivalry, but 
the tendency for rivalry is greatly reduced if the brightness of the 
ground is made zero. It is worthy of mention in this connection that 
in the various instruments for demonstrating binocular fusion, such as 
Hecht’s '? and Trendelenberg’s,’* a dark background is employed, but 
the choice of the dark background seems to have been a matter of 
chance and not based on any systematic investigation of the effect of 
varying the brightness of the background. 

Why does the background have to be of an appreciable brightness 
before rivalry takes place? Two conclusions may be formulated: 
1. Brightness contrast between the object and the background is not 
the factor responsible for the rivalry, because rivalry does not occur 


TaBLE 1—Effect of Varying the Brightness of the Ground on the Binocular 
Rivalry of a Red and a Green Object of Equal Brightness 
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0.17 30.0 
0.25 26.7 
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when the backgrounds are dark and brightness contrast is at its maxi- 
mum, and because rivalry does occur when the objects are equal in 
brightness to their grounds, so that brightness contrast is not involved at 
all. Furthermore, rivalry is obtained when both AL and AR are above 
the brightness of the ground, and under these conditions brightness con- 
trast per se does not produce rivalry, as was demonstrated in connection 
with gray objects on gray grounds. 2. The difference in color is 
somehow responsible for the rivalry, but it is not merely the difference 
in color which is a factor, because no rivalry is obtained when the 
background is dark, although the difference in color is still present. 
The rivalry seems to be due to the antagonism of the processes of color 
contrast associated with the two impressions. Color contrast consists 
essentially in the tendency of the colored object to induce a comple- 


12. Hecht, S.: On the Binocular Fusion of Colors and Its Relation to Theories 
of Color Vision, Proc. nat. acad. sc. 14:237, 1928. 

13. Trendelenberg, W.: Weitere Versuche tiber binokulare Mischung von 
Spektralstrahlen, Arch. f. d. ges. Physiol. 201:235, 1923. 
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mentary color on the background. This phenomenon is most pronounced 
when the gray background is equal in brightness to the object and is 
absent when the background is dark, and this probably accounts for the 
fact that unlike colors tend to fuse binocularly when the background 
is dark. 

Introducing a difference in brightness between AL and AR affects 
the relative lengths of the visibility phases for the two eyes. The 
brightness of AL was kept constant at 0.75 candle per square foot and 
the brightness of AR at 0.25 candle per square foot, and the brightness 
of the ground was made first 1.11 candles and then 0.17 candle per 
square foot, and in each case the subject made three one minute obser- 
vations. The results are given in table 2. When the ground is darker 
than either AL or AR, the green phases are longer than the red, but 
when the ground is brighter the red phases are longer. The color 
which is the more different in brightness from the background is the 


TasLeE 2.—Effect of Varying the Brighiness of the Ground on the Binocular 
Rivalry of a Red and a Green Object When the Green Object 
Is Brighter Than the Red 





Subject F Subject R 

Brightness — *~ \ cc a <n 
of Ground, Average Duration Average Duration Average Duration Average Duration 
Candles per of Red Phases, of Green Phases, of Red Phases, of Green Phases, 
Square Foot Seconds Seconds Seconds Seconds 








0.17 1.5 7 0 6.4 
1.11 2.8 p Se 3.4 3.1 


one that predominates. Since increasing the brightness ditference 
between object and background reduces color contrast but increases 
brightness contrast, it must be assumed that brightness contrast in some 
way affects the lengths of the phases, although color contrast must be 
regarded as the primary factor producing the rivalry, for the reasons 
just pointed out. 


When two colored objects on gray grounds are alternating with each 
other in the binocular field, it is conceivable that if the two colors are 
made to approach each other in quality of hue there would be a greater 
and greater tendency to fusion. Johannsen '* has made a beginning on 
this problem. She tried to combine a large variety of pairs of hues and 
found that the nearer in quality the hues the less the tendency for 
tivalry. The other side of the proposition is that the greater the differ- 
ence in quality the keener should be the rivalry. Accordingly, com- 
plementary colors should give the keenest rivalry, but, in apparent 
contradiction to this, Johannsen found that blue and red give a keener 


14. Johannsen, D. E.: A Qualitative Study of Binocular Color Vision, J. Gen. 
Psychol. 4:282, 1930. 
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rivalry than red and green. However, her blue was perhaps more 


saturated than her green, and this factor could probably account for her 
finding. 





Saturation, as well as hue, affects binocular rivalry, as is shown by 
the following experiment: AR, AL and the ground were all kept at the 
same brightness, 0.75 candle per square foot. The saturation of AR 
was reduced by mixing various amounts of white light from X with 


with the red light from Y. The results are given in table 3. 


The fact that the binocular fusion of unlike colors occurs only under 
special conditions in no way minimizes the importance of explaining 


the phenomenon when it does occur. Trendelenberg, Hecht and others 


have demonstrated the existence of the phenomenon. Trendelenberg 
has designed an instrument with which he can combine red and green 


Taste 3.—Effect of Varying the Saturation of a Red Object on Its Binocular 
q Rivalry with a Green Object 














Subject F Subject R 
Fe oe eye A — es ee ae ee ” aa VP aaa ———_A_ —___—_—- = 
of Rate of Average Average Rate of Average Average 
S Percentage Alter- Duration Duration Alter- Duration Duration 
: of White nation of Red of Green nation of Red of Green 
4 Mixed per Phases, Phases, per Phases, Phases, 
4 with Red Minute Seconds Seconds Second Seconds Seconds 
% 0 32.4 2.0 17 23.1 2.3 2.9 
me 22 27.8 1.4 2.9 12.3 1.6 8.2 
a 44 25.6 1.4 3.3 19.4 : i | 4.5 
; 67 20.0 1.6 4.4 18.2 1.6 4.9 
sv 12.5 2.9 6.7 Fi | 3.1 13.7 
100* Steady vision of green object 


* When the percentage of white is 100, the pattern for the right eye is effectively a uniform 
white field, while the pattern for the left eye remains that of a green object on a white ground. 


S ." a2 oS 9re 
sient SETS ot ceei 


monochromatic colors binocularly and compare the resulting quality with 





; that produced by a monochromatic yellow stimulus applied to a different 
A part of one of the eyes. He established the following equation for 
"i the mixture: 

He 1. (671 mp) + 0.043 (535 my) = 589 mp 

i Similar equations for other mixtures were obtained. The equations for 
4 binocular mixing differ somewhat from the equations obtained for 
5 monocular mixing. The significance of these findings cannot be 


appreciated till more is known of the processes involved in the binocular 
‘ integration of unlike colors. 





. The only theory of color vision which provides a physiologic expla- 
t nation for the binocular fusion of unlike colors is Troland’s modulation 
5) theory, which asserts that color impressions are transmitted from the 
] retina to the cortex by modulation of the frequency of impulses in the 
e individual fibers of the optic nerve. The modulation could consist in a 
| waxing and waning of the frequency. Variations in this modulation 
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could represent differences in quality and saturation of hue, intensity 
depending on the mean frequency of impulses. The binocular fusion 
of unlike colors could be accounted for by the supposition that the unlike 
modulation patterns in the two converging pathways react in such a way 
as to produce a third kind of pattern in the common cerebral pathway. 
In the case of like colors, like patterns would have to produce a like 
pattern in the common pathway, but even in the case of like colors, 
as well as of unlike colors, one is confronted with the problem of the 
synchronization of the modulation rhythms in the two converging paths. 
Fortunately, experimental data pertinent to this problem are at hand. 
In a previous paper ** it has been shown that the color sensations pro- 
duced by intermittent white light can be attributed to the setting up 
of modulation waves the frequency of which corresponds to the rate 





Stroboscope 














Fig. 8.—Apparatus for demonstrating the binocular integration of colors pro- 
duced by intermittent white light. The two eyes fixate the center of the hole 4 
(% inch [1.27 cm.] in diameter) at the center of the white card A, which is illu- 
minated by light sources X and Y. The hole is uniformly illuminated separately 
for the two eyes by light from M and N. The two rotating disks each have an 
open sector and permit the two eyes to be intermittently stimulated independently 
of each other. The two disks are geared together so that the frequency of stimu- 
lation is the same for the two eyes and any phase relation can be maintained. 


of stimulation. If the two eyes are stimulated synchronously, the result 
is similar to that obtained with one eye. But what will happen if the 
stimuli are applied to the two eyes asynchronously ? 

The apparatus shown in figure 8 was designed for investigating this 
problem. The brightness of the white card was set at 0.53 candle per 
square foot, and the brightness of the light illuminating the hole was 
made 400 candles per square foot for each eye. The size of the open 


15. Fry, G. A: Modulation of the Optic Nerve Current as a Basis for Color- 
Vision, Am. J. Psychol. 45:488, 1933. 





456 ARCHIVES OF OPHTHALMOLOGY 


sectors was kept the same for both disks. The colors seen filling the 


hole for the different stimulus frequencies and durations were as 
follows: 


Frequency, per Second Duration, Milliseconds Color 


12 0.23 Green 


0.46 Blue 

4.64 Purple 

10.41 Pink 
The same color was seen with two eyes as with one, and varying the 
phase relations of the monocular stimuli did not change the color. The 
explanation of this may be that each pair of modulation waves arriving 
via the two converging pathways integrate to form a single wave in 
the common cerebral path, it mattering little whether they are synchro- 
nized to begin with. 


SUMMARY 


An attempt has been made to account for the facts of binocular 
integration on the hypothesis that paths from corresponding points of 
the two retinas converge on common cerebral paths. The fact that an 
object brighter than its background appears more brilliant to two eyes 
than to one has been accounted for by the assumption that the impulses 
in the paths from the two eyes sum at the point of convergence and 
give an increased frequency of impulses in the common cerebral paths. 


The fact that under certain conditions unlike colors can be fused 
binocularly to give an intermediate color can be explained by the 
assumption that the impressions of hue are transmitted from the retina 
to the cortex by the modulation of the optic nerve current and by the 
further assumption that the unlike modulation patterns in the two eyes 
react in such a way as to produce a third kind of pattern in the com- 
mon cerebral paths. Binocular rivalry is shown to consist essentially 
in an antagonism of a border in one field for the impression in the cor- 
responding part of the other. This antagonism depends on the 


processes of brightness contrast and color contrast associated with the 
border. 





INFLAMMATORY EXOPHTHALMOS IN CATARRHAL 
DISORDERS OF THE ACCESSORY SINUSES 


MARTIN COHEN, M.D. 
; NEW YORK 

The term inflammatory exophthalmos is applied to exophthalmos in 
which external ocular signs of inflammation are present, in contradis- 
tinction to the noninflammatory form, such as, for instance, exophthalmic 
goiter. Inflammatory exophthalmos may involve one or both eyes and 
should always be regarded as a serious condition, not only because of 
possible deterioration of vision but because of the danger of serious 
complications, such as meningitis, abscess of the brain and thrombosis 
of the cavernous sinus. 

This inflammatory form of exophthalmos is the result of an inflam- 
matory reaction in the retrobulbar tissue, due mainly to a catarrhal 
disorder of the accessory sinuses. This cause alone, with its effect on 
the orbital tissue and eye, will be considered in this paper. 

Before sinusitis can be regarded as the etiologic factor all other 
possible causes should be excluded, especially in doubtful cases. These 
other causes may include traumatism causing orbital hemorrhage; pul- 
sating exophthalmos; various orbital tumors; general diseases, such as 
tuberculosis and syphilis, which produce primarily osseous lesions of 
the orbit ; focal infections of the alae nasi and lip; metastatic foci from 
distant areas; the infectious diseases, and rupture of the lacrimal sac 
into the orbit. These various causes require study not only by the 
ophthalmologist but by the rhinologist and the general practitioner. 

Disease of the sinuses, although extremely prevalent, is not often 
associated with inflammatory exophthalmos. For this reason it is 
difficult and sometimes impossible to establish a causal relation of the 
orbital infection to the sinuses. It is evident, as a rule, in the acute and 
subacute manifestations of this combined condition but is frequently 
obscure in the chronic form. 

The existence of the following conditions has prompted me to 
consider inflammatory exophthalmos the result of sinus disease (1) a 
history of colds, with nasal discharge and positive rhinologic and 
roentgen findings; (2) the exclusion of all disorders other than sinus 
disease; (3) the anatomic contiguity of the orbit with the sinuses and 
their common circulation, which justifies the assumption of the spread 
of infection from the sinuses to the orbit. 

Read before the Section on Ophthalmology at the Ejighty-Sixth Annual 
Session of the American Medical Association, Atlantic City, N. J., June 12, 1935. 
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The orbital cavity contains fat, muscles, vessels, nerves, connective 
tissue and lymph spaces, all encased in a bony wall. Its physiologic 
functions depend on its circulation and nervous mechanism. In inflam- 
matory exophthalmos the venous circulation plays the important role, 
The veins, being valveless, permit infection to be carried to and from 
the orbit. The venous course of the infection from the sinuses is 





Frontal Sinus 


Ethmoidal 
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Sup. Ophthalmic. 


Cavernous Sinus 
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Fig. 1—Schematic drawing illustrating the relation of the venous circulation 
of the orbital cavity to the surrounding accessory sinuses, the brain and the 
cavernous sinus. 


illustrated by the diagram in figure 1. It starts from a nasal and 
pharyngeal inflammation which extends to the sinuses, causing there a 
pyemic mucous membrane resulting in obstruction of the ostium of the 
sinus. The diseased venous channels lining the sinuses spread their 
infection to the retrobulbar tissue, sometimes, but rarely, involving the 


eo 


brain and cavernous sinus. 
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The lesions in the orbit depend on the severity of the sinus infection: 
li this is mild, it causes a transitory inflammatory edema of the orbital 


contents; if severe, there will be periostitis, osteitis, cellulitis, phlebitis 

















Fig. 2 (case 1).—Microscopic drawing of the retrobulbar tissue in purulent 


orbital cellulitis. O.N. indicates optic nerve, and O.4., optic artery. a indicates 
acute purulent phlebitis, and b, acute purulent phlebitis, thrombosis and rupture, 
purulent exudate, and multiple abscesses. 


and finally abscess formation in the orbit. The latter condition is 
illustrated by a microscopic drawing (fig. 2) of the retrobulbar tissue 
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removed in a case reported by Eggston,’ in which there occurred 
primarily furunculosis of the alae nasi, followed by ethmoiditis and 
bilateral septic sinus thrombosis (a reverse infection). The main find- 
ings were a septic thrombophlebitis with numerous abscesses and cellular 
infiltration into the orbital muscles and fat. Recently Eagleton * has 
reported on the subject. The retro-orbital infection sometimes invades 
the optic nerve and central vein, causing a partial or complete thrombosis 
of the central retinal vein, with optic neuritis. 

During the past three years 1,517 patients with sinusitis have been 
treated in the wards of the Manhattan Eye, Ear and Throat Hospital. 
In 22 of this number the condition was complicated by inflammatory 
exophthalmos. Three patients with inflammatory exophthalmos were 
free from sinus disease; two had infections of the lid, and one, an 
orbital tumor with inflammatory reaction. There were two deaths: one 
from meningitis and the other from a septic thrombosis of the cavernous 
sinus. Among the 22 patients with inflammatory exophthalmos there 
were 11 with acute ethmoiditis who were treated with medication to 
the eye and nasal cavity. The remaining 11 patients were treated by 
conservative surgery: five by incision and drainage for subperiosteal or 
orbital abscess, four by an external ethmoidectomy, with opening of the 
sphenoid, and two by surgical treatment of the frontal and ethmoid 
sinuses. 

In contrast to our statistics, Birch-Hirschfeld * reported that in 648 
collected instances of orbital inflammation not less than 409 (59.8 per 
cent) of the patients showed sinus disease. The frontal sinuses were 
involved in 29.8 per cent, the maxillary in 21.8 per cent, the ethmoid in 
20.5 per cent and the sphenoid in 6.4 per cent. In most of the cases 
more than one sinus was diseased. Death occurred in 52 (12.7 per cent) 
of the patients with retrobulbar inflammation, the causes, in the order of 
prevalence, being meningitis, abscess of the frontal lobe, thrombosis 
of the cavernous sinus, pneumonia and sepsis. 

The ocular signs of inflammatory exophthalmos are self-evident 
except in the mild acute cases in which the condition is caused by an 
inflammatory edema of the retrobulbar tissue. In this condition the 
exophthalmos, the ocular inflammation and the nasal condition are mild 
and respond rapidly to appropriate treatment. The patient recovers in 
a few days. The ocular and nasal signs in the more acute and subacute 


1. Eggston, A. A.: Pathways of Infection in Suppurative Meningitis, Ann. 
Otol., Rhin. & Laryng. 43:672, 1934. 

2. Eagleton, W. P.: Exophthalmos from Surgical Diseases of (a) the 
Cranial Cavity, (b) the Nasal Sinuses, and (c) the Bony Orbit, Tr. Am. Acad. 
Ophth. 39:81, 1934. 

3. Birch-Hirschfeld, A.: Die Erkrankungen der Orbita, in Schick, F., and 
Bruckner, A.: Kurzes Handbuch der Ophthalmologie, Berlin, Julius Springer, 
1930, vol. 3, p. 35. 
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types are more marked and distinctive and will be discussed in con- 
nection with the report of a case. 

Cases of empyema of any of the sinuses, with rupture into the 
orbit, are recognized by a local swelling with fluctuation over the area 
involved, which is accompanied by general symptoms such as pain, head- 
ache and increased temperature. Rhinologic and roentgen examination 
give positive evidence, in addition to swollen nasal mucosa and discharge. 
The acute symptoms in this type persist for about three or four weeks, 
after which the ocular signs gradually disappear. My associates and I 
have not observed recurrences of inflammatory exophthalmos in our 
cases of orbital inflammation. 

In the chronic type the symptoms are similar to those observed in 
the subacute type, but they are prolonged over a period of eight months 
or longer. This type will be discussed later in connection with two 
cases. 

The exophthalmometer is an aid in diagnosing doubtful cases of 
exophthalmos; this instrument also assists in judging the results of 
treatment. The treatment in these cases is concerned not only with the 
ocular condition but also with the sinus disease which is its primary 
cause. When the inflammation is mild the treatment may consist in 
the application to the lid of cold compresses, the lid first being covered 
with rubber tissue, and also irrigations with boric acid and conservative 
nasal therapy. In the cases of the more acute and subacute types fre- 
quent examinations should accompany treatment in order to avoid such 
ocular complications as lagophthalmic keratitis and corneal ulcers. In 
cases of subperiosteal or orbital abscesses the localized abscesses are 
incised with a long incision and then drained. When the local lesions 
are completely healed the patient may be referred to the rhinologist for 
further treatment, if necessary. 

The treatment of chronic inflammatory exophthalmos will be more 
fully discussed in the reports of two cases (cases 3 and 4). In these 
cases there was cooperation between the ophthalmologist, the rhinologist 
and the general practitioner. The severe ocular conditions were pro- 
longed for eight months or longer. The Kronlein operation was 
performed in both cases in order to relieve the retrobulbar pressure, thus 
hastening absorption of the inflammatory products. This absorption is 
very slow, apparently because of the existence of a condition simulating 
brawny edema. 

The prognosis is generally favorable in all types of cases, especially 
if the ocular and general symptoms are not progressive. 

The following reports of cases have a special bearing on the subject 
matter of this report: 

REPORT OF CASES 


Case 1—J. R., a man aged 51, was admitted to the hospital on Feb. 3, 1935, 
with a diagnosis of acute ethmoiditis with inflammatory exophthalmos. His gen- 
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eral condition was critical; he was irrational at times, and his temperature was 
102 F. He stated that his trouble began with colds in the head and pain over the 
region of the left ethmoid sinus. Physical examination showed myocarditis and 
rales over the base of the lung. The nose and throat appeared normal, although 
there were crusts in the region of the alae nasi. Examination of the sinuses 
(Dr. Law) showed a condensing osteitis of both ethmoid sinuses. Examination 
of the eyes showed moderate exophthalmos of the left eye, also chemosis of the 
conjunctiva. The pupil of the left eye was moderately dilated and reacted slug- 
gishly to light. The eyeball was moderately mobile but gradually became fixed. 
Venous engorgement and papillitis gradually increased. Blood cultures revealed 
a streptococcus, probably Streptococcus viridans. The patient received a blood 
transfusion and the usual treatment of the eyes and nose, but his general condition 
became grave, and he died after three days in the hospital. An autopsy was per- 
formed by Dr. Eggston, who made the report to which I have already alluded. 











Fig. 3 (case 2).—Photograph showing exophthalmos of the left eye, with 
edema of the upper lid, chemosis, eversion of the lower conjunctival fold and dis- 
placement of the eyeball. 


Comment.—This case is probably an example of a reverse infection, 
which started as a furunculosis of the alae nasi and spread to the orbit, 
accessory sinuses and cavernous sinus. The pathologic findings demon- 
strated a severe retrobulbar inflammation in its final stage, with abscess 
formation, due to septic thrombophlebitis. 


Case 2 (fig. 3).—The patient was a chauffeur, with a history of grippal 
infection five days previously, followed by a cold in the head and mucopurulent 
discharge from the left nostril. The clinical rhinologic diagnosis was acute sinu- 
sitis (on the left) or acute exacerbation of a chronic sinusitis. The report of 
roentgen examination (Dr. Law) stated that there was moderate involvement 
of the left frontal sinus from granulations and marked involvement of the left 
ethmoid sinus from dense granulations with absorption of the walls of the cells, 
and moderate involvement of the antrum and of the sphenoid sinuses. The right 
side was also moderately affected (fig. 4). 
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-xamination of the eyes showed that vision in both eyes was normal. In the 
leit eye the upper lid was edematous, and there was exophthalmos of 10 mm.; the 
palpebral fissure was widened ; the eyeball was directed forward and was immobile 
in all directions, causing diplopia; the lower conjunctival fold was everted; ocular 
chemosis was marked; the disk was blurred on its nasal border, and the retinal 
veins were engorged and tortuous. 

The ocular condition was treated first by cold compresses and later by hot 
compresses, irrigation of the eye and the instillation of oil. The rhinologist’s 
treatment consisted of spraying with ephedrine and gentle suction, with irrigation. 
The patient remained in the same condition for a few days, with a temperature of 
102 F. and severe headaches; then the nasal discharge gradually decreased and 
also the exophthalmos and chemosis. In four weeks he was discharged from the 








Fig. 4 (case 2).—Roentgenogram of the sinuses. Note the moderately severe 
involvement of the left ethmoid sinus, the mild involvement of the left antrum, the 
moderate involvement of the right ethmoid sinus, the moderately severe involve- 
ment of the right antrum and the absorption of the walls of the cells in both 
ethmoid sinuses. 


hospital, completely recovered. This case was evidently one of subacute ethmoiditis 
with inflammatory exophthalmos, due to a nonsuppurating cellulitis. 


Comment.—lIn this type of case the patient should receive local treat- 
ment to the eyes and nose if conditions are aggravated by general mani- 
festations, such as severe headache, increasing temperature, cerebral 
signs or abscess formation ; surgical treatment, although possible, should 
he avoided unless urgently indicated, on account of the danger of 
spreading the infection. 
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Case 3 (Dr. Crigler’s Case; Fig. 5).—J. T., a man aged 53, was admitted to 
the hospital on Feb. 8, 1929. He was robust and had never had any serious 
illness, and there was no history of trauma. The rhinologic diagnosis was chronic 
purulent sinusitis. The physical examination resulted in a negative report, with 
the exception of the report of the ocular condition. The laboratory report stated 
that the urine was normal except for a few granular casts. The differential blood 
count was normal, as was the basal metabolism. The Wassermann reaction was 
negative on two occasions, in one instance following antisyphilitic treatment. 
Examination of the eyes showed that vision in both eyes was 20/30. The right 
eye was normal in every respect. In the left eye no bruit or pulsations were 
perceptible over the eyeball; the upper lid was edematous; there were exophthal- 
mos of 6 mm. and evident chemosis; the eyeball was immobile in all directions: 
the lower conjunctival fold was everted; the tension and fields were normal; the 
pupil was normal; diplopia was present in certain fields, and the fundus was 
normal except for an engorgement of the retinal veins. The report of roentgen 
examination of the sinuses (Dr. Law) stated that there was mild involvement of 


Fig. 5 (case 3).—Photograph showing exophthalmos of the leit eye before 
the Kronlein operation. The exophthalmos was of six months’ duration. 


both ethmoid sinuses, probably due to a thickened membrane. There was no change 
in bone structure; no tumor mass was visible in the orbit, and the optic foramen 
and sella turcica were normal. 

The patient remained in the hospital for one week and then was discharged 
and instructed to return in three days for the Krénlein operation. 

The first record of the use of the Krénlein operation for this type of condition 
is reported by Axenfeld-Gruber.* His original report was not available, so it is 
not known whether the sinuses were involved. 

After the resection of the orbital wall and incision of Tenon’s capsule there 
was an extrusion of fat through the opening. No pus or growth was revealed 
on operation. The tissues were under tension; the muscles were enlarged and 
appeared hydropsical. A piece of orbital tissue was removed for microscopic 


4. Axenfeld-Gruber, Dissert., Freiburg; cited. by Birch-Hirschfield, A., in 
Graefe, T., and Saemisch, T.: Handbuch der gesamten Augenheilkunde, ed. 2, 
Leipzig, Wilhelm Engelmann, 1909, vol. 9, pt. 2. 
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study. The bone flap was then returned to its original site and the wound closed. 
From a surgical point of view the patient made an uneventful recovery, but fol- 
lowing the operation the exophthalmos and chemosis became more pronounced ; 
papillitis occurred, and a small infiltrate appeared on the lower quadrant of the 
cornea. The specimen of orbital tissue revealed microscopically dense hyaline 
connective tissue with some striated muscle tissue, a few normal blood vessels and 
a few areas of mononuclear reaction and was described as chronic fibrotic tissue. 

Three weeks after the Kroénlein operation the patient was referred to the 
ward for diseases of the nose and throat for treatment of the sinusitis. The 
ethmoid sinuses were exenterated and the sphenoid sinus and antrum opened. 
When he was discharged at the end of six weeks, the exophthalmos was still 
marked, and there was also a slight eversion of the lower tarsal conjunctiva, as 
well as papillitis. 

After his discharge from the hospital the patient was not seen in the clinic for 
five years (until Feb. 2, 1935). The left eye had now no exophthalmos and, aside 
from a slight limitation in the upward movement of the eyeball, was normal. 
According to the patient’s statement, the exophthalmos was relieved after eight 








Fig. 6 (case 3).—Photograph showing the left eye normal following the 
Kronlein operation, with a scar at the outer orbital angle. There is marked 
exophthalmos of the right eye, with swelling of the lower conjunctival fold; this 
exophthalmos appeared four and a half years after the operation on the left eye. 


months. The right eye, which was previously not involved, now showed an exoph- 
thalmometric reading of 35 mm. (fig. 6). The protrusion of the right eye had 
commenced about four months earlier. The eyeball was slightly congested and dis- 
placed outward; the palpebral fissure was widened; diplopia was present in certain 
fields of fixation; motility was impaired nasally and temporally, and the fundus 
showed moderate edema of the retinal veins. The patient did not complain of his 
condition but was advised to have another physical examination, metabolism test 
and roentgenogram of the sinuses made. The roentgen examination (Dr. Law) 
revealed the following conditions: There were moderate involvement of the 
frontal sinuses, severe involvement of the left ethmoid sinus and moderate involve- 
ment of the right ethmoid sinus. The right antrum was normal, while the left 
antrum was seriously affected. There was moderate involvement of both 
sphenoid sinuses. The physical examination revealed little, aside from the ocular 
condition. There was a trace of sugar in the urine and also hyaline and finely 
granular casts. 

The patient was referred to the clinic for thyroid disease 'of the New York 
Hospital, on March 14, 1935. The basa! metabolism test (conducted by Dr. Guion 
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and Dr. Schorr) showed a rate of —3 per cent, and the creatine retention 
(85 per cent) was entirely normal. 


Comment.—The interesting point in this case is that the right eye, 
after remaining unaffected for five years, began to show a condition 
similar to that in the left eye. This patient is still under our care. He 
refuses further treatment. for the present, as he is not troubled by the 
exophthalmos of the right eye. 


Case 4 (fig. 8) —M. G., a widow, was admitted to the hospital on April 4, 


1933. She reported that in 1932 the right eye began to protrude. About six 


months before admission she had a cold in the head, at which time her vision 








Fig. 7 (case 3).—Roentgenogram of the sinuses following the Krénlein opera- 
tion on the left eye. Note the severe involvement of the left ethmoid sinus and 
of the left antrum, the moderate involvement of the left sphenoid sinus and of the 
right ethmoid and sphenoid sinus and the normal right antrum. 


began to fail. The left eye remained normal for several months and then began 
to protrude, and it was at this time that she first became aware of double vision. 

She was referred to the New York Post-Graduate Medical School and 
Hospital on April 28, 1933. On admission she stated that she had been treated 
by her physician for exophthalmic goiter, high blood pressure and_ possible 
myasthenia gravis. She had lost 50 pounds (22.7 Kg.), but her strength was not 
impaired, and she appeared healthy and vigorous, although depressed on account 
of the ocular ailment. Her past family history had no bearing on her present 
condition, and there was no report of trauma. 

Roentgen examination of the sinuses (Dr. Fineman; fig. 9) showed no evi- 
dence of masses of soft tissue in the orbit. The superior orbital fissure on the 
right showed normal contours; that on the left revealed blurring of contours. 
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There were marked cloudiness of the right antrum and moderately intense bilateral 
cloudiness of the ethmoid sinuses; the walls of the cells were blurred. This 
examination was made before admission, and the roentgen findings .f the skull, 
viven in a supplementary report, were interpreted by Dr. Scarff as indicating a 
probable infiltration of the posterior orbital areas by soft tissue, with pressure 
atrophy of the lesser wing of the sphenoid sinus, rather than an intracranial 
erowth arising from the sphenoidal ridge (meningioma). Physical examination 
showed no abnormalities, with the exception of a slightly enlarged heart with a 
murmur at the apex. The blood pressure was 136 systolic and 80 diastolic. The 
report of the neurologic examination stated that there were no abnormalities 
except involvement of the ocular muscle. The laboratory report stated that 
examination of the blood gave normal findings. The Wassermann reaction of the 
blood and of the spinal fluid was normal. The teeth were normal. Examination 
oi the eyes showed that the vision of both eyes was 20/200. The exophthal- 
mometer readings were: right eye, 35 mm.; left eye, 33 mm. Both eyes were 
involved. The right eye showed a lagophthalmic keratitis; otherwise, the lesions 
were similar. Both eyes were proptosed forward, and the eyeballs could not be 
rotated upward and outward. The upper lids were edematous; ‘the conjunctiva 
showed a marked chemosis, with eversion of the lower conjunctival folds. The 








Fig. 8 (case 4).—Photographs taken before operation. Note the exophthalmos 
of both eyes, with chemosis of the ocular conjunctiva and eversion of the lower 
conjunctival folds. 


pupils were normal. The tension and the fields were normal. The fundi showed 
moderate engorgement of the retinal veins. 

The diagnosis, after .consultation, was a chronic inflammatory condition of 
the retro-orbital tissue, probably caused by chronic sinus disease. Owing to the 
increasing exophthalmos and corneal involvement, a Kronlein operation on the 
right eye seemed to be indicated, since this procedure would relieve the retro- 
bulbar pressure and would also reveal the presence of a pocket of pus, a granuloma 
or a tumor. 

On resection of the outer wall and incision of Tenon’s capsule inflammatory 
tissue only was found. The muscles appeared thickened. A small piece of orbital 
tissue was removed for study. The report (Dr. Meeker) was: Macroscopic 
examination showed hemorrhagic fibrous tissue; on microscopic examination 
sections showed small blood vessels and small nerve trunks, as well as fragments 
of muscle with hemorrhagic areas; muscle bundles showed degeneration with foci 
of dense infiltration by round cells, occasional foci of lymphocytes in the fat 
tissue and no sign of a neoplasm. The diagnosis was chronic inflammation of 
orbital tissue, with edema and degeneration of muscle fibers. 

Following the operation the wound healed satisfactorily. The exophthalmos, 
however, did not improve; intra-ocular hemorrhages occurred and papillitis was 
Present for several months. Although the patient was discharged from the hos- 
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pital after one month, there was an aggravation of the intra-ocular lesions in both 
eyes, with reduction of the vision to counting fingers at 2 feet (60.96 cm.). The 
patient was naturally much disturbed and discouraged. After remaining at home 
for one month under the care of her physician she returned with lagophthalmic 


keratitis of che left eye and was sent to the Manhattan Eye, Ear and Throat 
Hospital. 


On admission, on May 24, 1933, a physical examination gave practically 
the same findings as before. Roentgen examination (Dr. Law) showed moderate 
involvement of all the sinuses, with increased involvement of the left ethmoid 
sinus and condensing osteitis of both ethmoid sinuses; the sphenoid sinuses were 
normal. The ocular condition was aggravated; vision in the right eye (that on 
which the Krénlein operation had been performed) consisted of counting fingers 
at 2 feet. Exophthalmos was marked, as were the chemosis and the eversion of 





Fig. 9 (case 4).—Roentgenogram taken before admission to the hospital. Note 
the intense cloudiness of the ethmoid sinuses and of the right antrum and _ the 
blurred walls of the cells. 


the lower conjunctival fold, and the eyeball was fixed in all directions. Examina- 
tion of the fundus showed a marked neuroretinitis and vitreous opacities. Vision 
in the left eye was limited to perception of the motion of fingers at a few inches. 
The external condition of this eye was similar to that of the right eye, except 
for a small infiltrate of the cornea in the lower quadrant. The condition of the 
fundus was practically the same as in the right eye, except that the disk showed 
signs of beginning pallor. The ocular diagnosis was chronic orbital cellulitis and 
neuroretinitis. 

After consultation with Dr. Kelly and Dr. Joseph King, it was decided to 
perform a Naffziger operation on the left eye. This procedure had been sug- 
gested by Naffziger® in cases of progressive exophthalmos following thyroidec- 


5. Naffziger, H. C.: Progressive Exophthalmos Following Thyroidectomy : 
Its Pathology and Treatment, Ann. Surg. 94:582, 1931. 








COHEN—INFLAMMATORY EXOPHTHALMOS 











. Fig. 10 (case 4).—Photomicrograph of a section of retrobulbar tissue, showing marked degenera- 
“not muscle fibers; marked edema of muscles; infiltration of muscle by mononuclears (mostly 
mphocytes) ; complete degeneration of any tissue resembling fat, and marked inflammatory edema. 


1jo9 


igh power magnification. 
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tomy. Its use in this case was suggested on account of the progressive exoplithal- 
mos and keratitis of long duration and the apparent lack of success attending the 
Kronlein operation on the right eye. It was performed under local anesthesia. by 
Dr. King. The orbital contents were under pressure, and the muscles appeared 
to be twice their usual thickness. No pus or growth was encountered. The 
specimen of orbital tissue removed for microscopic study revealed degenerated 
fat and striated muscle; the latter was atrophic and separated by markedly 
edematous tissue. Mononuclear cells, mostly lymphocytes, were scattered through 
the tissue. In some places these cells were collected in small clumps (fig. 10). 
The patient remained in the hospital for two and a half months for after-care and 


dressing of the wound and showed no unusual cerebral symptoms during. this 
period. 










Examination of the eyes when she left the hospital showed no improvement of 
the external condition of the eye (exophthalmos, chemosis, fixation of the eyeball 
and eversion of the lower conjunctival fold). Examination of the fundus of the 
right eye showed some improvement in the neuroretinitis, also in the vision, as the 
patient was able to count fingers at 5 feet (152.4 cm.). The left eye, or the eye 
recently operated on, showed no improvement externally or internally, the pallor 
of the disk being more marked and the vision limited to perception of the motion 
of fingers at a few inches. 















Fig. 11 (case 4).—Ocular appearance a year after the orbital operation on 
both eyes for decompression. 













The patient was requested to return to the hospital in two weeks but was 
unable to do so. As she lived out of town, her physician kept us informed of her 
condition. According to him, her general condition improved after a few weeks. 
We did not see her again for a year, during which time she received no treatment 
except drops of olive oil for her eyes and a general tonic treatment. On her 
return at the end of this time, her ocular and general condition were encouraging. 

When she was presented at the conference meeting at the hospital the members 
were startled to note the change in the ocular signs (fig. 11). There was no 
exophthalmos or inflammation in either eye, but a slight enophthalmos was present 
in the left eye. In the right eye vision was 20/20 with glasses; all the functional 
tests, including those of the fields, gave normal results; there was a slight temporal 
pallor of the disk. In the left eye vision was 15/200, nasally only, partially owing 
to the corneal scarring in the lower quadrant; the disk showed a diffuse pallor or 
atrophy ; otherwise, the fundus appeared normal. The patient stated that improve- 
ment in the right eye started about five months after operation and improvement 
in the left eye about eight months after operation. 

A later ophthalmologic examination (April 3, 1935) showed the following 
conditions: In the right eye vision was 20/20, with a —1 D. sph.; motility was 
i normal; there was no exophthalmos; there was faint scarring of the cornea in 
A the lower quadrant; the fundus was normal. 





















In the left eye vision was limited 
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ty) counting fingers at 18 inches (45.72 cm.) in the nasal field only; there were 
a posterior synechia and slight enophthalmos with pulsation; a dense scar was 
seen in the lower quadrant. Examination of the fundus revealed that the disk 
was atrophic; the retinal vessels were contracted. 


Comment.—This case is instructive from several angles: (1) the 
marked inflammatory exophthalmos, involving first one eye and then, 
several months later, the other; (2) the severe intra-ocular inflammation 
following the Kronlein operation, with marked improvement of vision 
and inflammatory exophthalmos after five months; (3) the improvement 
in the exophthalmos eight months after the Naffziger operation; (+4) 
the slow but constant improvement in the exophthalmos afforded by 
both procedures in decompressing the orbit ; (5) the relief of the chronic 
inflammatory exophthalmos by orbital decompression regardless of any 
treatment for the bilateral infected sinuses. 

Preference should be given the Kronlein operation as being a less 
formidable procedure. Naffziger’s operation has not been suggested by 
its originator for this type of case; we made use of it because of the 
apparent lack of success of the Kronlein operation at the time on the 
other eye. 

SUMMARY 


Infection may occasionally extend to the orbit from the nasal sinuses. 
At times the orbital involvement not only is serious for the eye but may 
endanger the life of the patient. The inflammatory reaction that 
develops in the orbit by the spread of the infectious agent from the 
sinuses may be severe or mild. The severe acute and subacute infections 
of the orbit require conservative treatment unless focalization and sup- 
puration are evident. Until then the main therapeutic measures should 
be concentrated on the sinuses. 

The chronic inflammatory infections of the orbit associated with 
exophthalmos are of rare occurrence. In these cases the condition has 
a protracted course, and the pathogenesis and pathologic changes have 
been subjects of speculation. On exploration of the orbital cavity in 
such cases the general experience of most authors has been that no 
obvious cause for the marked exophthalmos exists. 

In these cases of long-standing exophthalmos it is interesting to 
observe that although the nasal sinuses are not a cause of clinical 
complaint, pronounced and distinct pathologic changes of the sinus are 
regularly found. A complete physical examination reveals no other 
lesion to suggest a cause for the exophthalmos. The contiguity of 
cellular tissues of the sinuses with the orbit and their common circulation 
would suggest that the theory that the diseased sinuses are the point 
of departure for the inflammatory exophthalmos be retained. 

The surgical exploration of the orbital cavity has shown the presence 
of indurated tissue (muscles, fat and connective tissue). and the micro- 
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scopic analysis of such tissue demonstrates (as shown in fig. 10) that 
there is an active diffuse infiltration by round cells, which could be 
caused only by some type of pyogenic agent. 

A low grade chronic osteitis and periosteitis may accompany the 
sinus infection in cases of chronic inflammatory exophthalmos. 

The Kronlein operation was performed with success in two cases 
of chronic inflammatory exophthalmos. The object of this operation 
was to relieve the marked orbital pressure caused by the inflamed retro- 
orbital tissues. This operation corresponds with the procedure for 
trephining the skull in cases of increased intracranial pressure due to 
tumors of the brain or to scleral trephining in cases of increased intra- 
ocular pressure due to simple glaucoma or buphthalmos. 

Further study and reports are necessary, as relatively few of these 
cases are observed by one ophthalmologist. 


ABSTRACT OF DISCUSSION 














Dr. H. C. Narrzicer, San Francisco: For purposes of discus- 
sion, the four cases might be considered in two groups. The first two 
patients had acute inflammatory swelling of the orbital tissues with 
exophthalmos, associated with obvious evidence of acute infection of 
the sinuses. In the two cases of the more chronic type, both patients 
showed roentgen evidence of pathologic changes in the sinuses. This, 
however, does not prove a relationship between these changes and the 
exophthalmos. Such chronic changes in the sinuses usually do not 
produce these results. 

Just what relationship progressive exophthalmos has to disease of 
the thyroid is not clear, though unquestionably it is intimate; nor is the 
factor which causes the exophthalmos understood. Progressive exoph- 
thalmos usually has appeared in patients who have had partial thyroidec- 
tomy for exophthalmic goiter and is ordinarily associated with a normal 
or lowered basal metabolic rate. It may begin, however, before the 
first evidences of thyroid disease appear and progress during the devel- 
opment of hyperthyroidism. In the event of thyroidectomy with sub- 
sequent hypothyroidism it may progress still further. 

One sees exophthalmos of marked degree in relation to pituitary 
disease, especially eosinophilic adenoma. The microscopic picture of 
the orbital muscles in myasthenia gravis and in progressive exophthal- 
mos associated with thyroid disease cannot be differentiated—it is 
identical. Lymphorrhages in skeletal muscles occur in thyroid disease 
also. The pituitary and thymus glands may be involved. 

The pathologic changes in the orbital muscles in Dr. Cohen’s last 
two cases and in those associated with thyroid disease are similar, if not 
identical. 

In the cases observed by my associates and me we have taken one or 
more sections from ocular muscles. Of about thirty specimens examined, 
all showed various stages of this process. Some of the patients had 
evidence of chronic changes in their sinuses; two of them had been 
operated on. The microscopic picture in their muscles was identical 
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with that described in two of Dr. Cohen’s cases and with that in the 
cases of thyroid disease not associated with changes in the sinuses. 

While many of the clinical relationships of progressive exophthalmos 
are apparent, there is not sufficient evidence to permit one to do more 
than speculate on the etiologic factor involved. 

In Dr. Cohen’s patients who were operated on the increased amount 
of fluid in the orbital tissues is an edema of the tissues. The biochemical 
factors causing this increase of fluid, which remain unaltered by opera- 
tion, no doubt explain the lack of prompt improvement. In our experi- 
ence, patients in the earlier stages of the pathologic process have 
obtained neither so marked nor so prompt a recession of the proptosis 
as those in whom the pathologic process was more advanced. 

In persons who have progressive exophthalmos resulting from an 
enlargement of the orbital muscles, the fundamental factors are not 
altered by moderately increasing the space in the orbit, either by decom- 
pressive removal of its roof or by a Kronlein procedure. 

Decompression must be extensive. Removal of the entire roof of 
the orbit is often inadequate. We have added removal of the lateral 
wall of the orbit and of the bone down to the orbital fissure. I believe 
that orbital decompression should be performed on any patient with 
marked exophthalmos. In many patients the progress of the exophthal- 
mos will halt spontaneously before serious complications occur. Orbital 
decompression of any type is not recommended, for cosmetic reasons. 

Dr. GILBERT Horrax, Boston: So far as acute inflammation of 
the orbit is concerned, Dr. Cohen has proved his own point that patients 
with this condition should be treated by nonsurgical measures, so far as 
possible. The Kronlein operation is unquestionably the procedure of 
choice for the type of chronic conditions that he mentions. 

The chronic inflammatory conditions may be due to a variety of 
causes. The ones which I have seen have been those which follow 
hyperthyroidism and operations for exophthalmic goiter. As Dr. 
Naffziger has said, the condition in the ocular muscles and the contents 
of the orbit at least stimulate chronic inflammatory disease, and there- 
fore some form of orbital decompression is necessary. Since he has 
proposed and carried out this orbital decompression, it seems to me that 
ophthalmologists have given these patients definite help, because one 
knows that if nothing is done the disease is progressive, whatever its 
causation may be, and that the patient sooner or later will show not only 
a high degree of exophthalmos but also ulcerations of the cornea and 
choked disks and eventually lose his eyes. 

The cases with which we have been familiar have been studied for 
a long while at the Lahey Clinic; the conditions have been known to 
be progressive, and some of the patients have shown a great many of the 
stages which Dr. Naffziger has depicted, from a slight conjunctival 
edema with marked exophthalmos to an extreme degree of the whole 
process. 

I have had experience with five patients with this condition, one of 
whom was in this extreme stage. The other patients have had a some- 
what lesser degree of exophthalmos, conjunctival edema and other 
factors that I have mentioned. The ages of these patients ranged from 
28 to 60. Before operation the exophthalmometer readings varied from 
2+ to 32 mm. Nine eyes of these five patients have been operated on. 
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There is a great immediate recession after the operation, after which 
the eye comes back to a degree of exophthalmos which is comparable 
to that before operation. Then there is a gradual and slow recession of 
the exophthalmos, and in no instance has there been a case observed over 
a period of time—this dating back now nearly two years—in which the 
eyes eventually did not come back to a degree of exophthalmos definitely 
less than they had before. The average remission was 2.8 mm. in this 
series, and this recession varied from 2 mm. in one case up to 6 mm. 
in another. 

Dr. Cohen has brought out the point that in acute or subacute inflam- 
mation of the orbit nonsurgical measures are indicated. I think that 
if he had to do it over again he would probably have used the Kronlein 
operation in his last case instead of the Naffziger operation, because 
possibly he was not aware at that time that it took such a long time for 
these patients to reach the maximal recession. On the other hand, when 
the condition follows thyroid disease a large decompression of the orbit 
not only is a helpful procedure but also saves the patient from the 
eventual loss of vision. 

Dr. ALEXANDER E. MacDona.p, Toronto, Canada: I wish to add 
a protest about the use of the Naffziger operation, which we admire 
very much and have used successfully in one case that I shall mention. 
It seems to me a dangerous procedure to open up the cranial cavity 
when there is an inflammatory condition of an orbit. 

A patient, aged 31, had a thyroidectomy on June 16, 1934. His 
exophthalmos was extreme: 26 mm. in the right eye and 23 mm. in the 
left. There was a tumor in the right orbit, which could be pressed 
back under the margin. This was removed for diagnosis on September 
11, but showed only an edematous condition. On October 23 a badly 
diseased pair of tonsils were removed. On October 25 the exophthalmos 
was so extreme that vision was reduced by corneal involvement in the 
right eye to perception of fingers at 5 meters and in the left eye to 6/60. 
It was necessary to do something to correct this, and sutures were 
inserted to close the lids of the right eye. These were pulled out on the 
fifth day on account of the extreme exophthalmos, and Dr. MacKenzie 
considered that it was necessary to perform Naffziger’s operation. He 
did both the right and the left sides at one sitting, on November 28. 

The improvement in the patient’s appearance was accompanied by 
better vision. When he was last seen, just before this meeting, the 
condition was still better. 

Pathologic examination of a piece of the superior rectus muscle 
showed only marked edema and a light infiltration by mononuclear 
leukocytes. 


Dr. THomas Hottoway, Philadelphia: In some thirty-two years 
of experience I have never seen a case of cellulitis or abscess of the 
orbit due to sinus disease in which either a Kronlein or a Naffziger 
operation was indicated. As has been said, in many of the acute cases 
of cellulitis the condition subsides with the use of ephedrine and with- 
out operation. I have seen one case in which an acute glaucoma devel- 
oped after the use of this drug, and several similar instances have been 
noted in Philadelphia. I suggest that before using it a careful history 
be obtained and the fundus be examined. 
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In regard to the Naffziger operation, the exophthalmos does not 
subside quietly and promptly. In a recent case in which there was an 
involvement of the lower third of the cornea there was an alarming 
increase in the exophthalmos for a number of days following the opera- 
tion. I am confident that this eye would have been lost had it not been 
kept constantly in a moist chamber. This was accomplished by means 
of a Ring mask with a transparent covering for the eye. The patient 
was under my observation for at least eight weeks. Therefore I would 
suggest that when a Naffziger operation is contemplated a tarsorrhaphy 
be done before the operation, if such a procedure is possible, and that 
a moist chamber be used to protect the eye if the reaction to the opera- 
tion is excessive. 

Dr. JoseEpH D. Ketty, New York: I have been associated with 
Dr. Cohen in the treatment of some of these patients. In one case of 
chronic exophthalmos in which both eyes were involved I suggested a 
Naffziger operation about eight months after the Kronlein operation 
had been performed on the right side. Up to this time the Kronlein 
operation had given practically no results. A Naffziger operation was 
done on the left side, in which the eye was more involved and had less 
vision. After this operation the patient began to show improvement, 
but vision in the left eye did not return to any extent. However, eight 
months after the Naffziger operation the exophthalmos had almost dis- 
appeared from both eyes and vision in the right eye was practically 
normal. 

I believe that there is a striking similarity of the pathologic state in 
the conditions following thyroid disease and those due to chronic sinu- 
sitis and that the condition followi ing thyroid disease is caused by latent 
sinusitis that develops after the operation on the thyroid has been 
performed. A reduced metabolic rate has something to do with the 
onset of this condition, and it is also possible that one may have an 
allergic reaction to deal with. 

I believe that the Naffziger operation is the best means of getting 
a result in these cases, because it allows the orbital tissues to come in 
contact with the dura in such a way that the venous and lymphatic cir- 
culation of the orbit is improved by the normal pulsations of the dura. 
This is a great help in restoring the normal elasticity of the venous and 
lymphatic vessels. 

Dr. Martin CoHEN, New York: These patients seem to have been 
taken care of by the general practitioner, so far as the question of thy- 
roid disease was concerned, as they were examined carefully for several 
weeks after the question arose whether there was any disturbance of the 
thyroid. The basal metabolism, I believe, was constantly investigated 
thoroughly, and the creatinine test, which I think is valuable in these 
cases, gave negative results in about 85 per cent of the cases. So I 
think that one can safely rule out the question of any endocrine dis- 
turbance. 

As for myasthenia gravis, that also was covered by the neurologist, 
and I believe that we were secure in stating that it had no bearing on 
these cases. 

I think that Dr. Horrax misunderstood me when he claimed that I 
recommended the use of the Kronlein operation in the acute or subacute 
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cases. I am opposed to any operative procedure in the acute and sub- 
acute inflammations of the orbit in these cases. 1 think that the con- 
dition should respond and does respond generally to nasal treatment, 
and that when there is any suppuration of the orbit the laryngologist 
should open the abscesses and drain them properly. 

So far as glaucoma and the use of ephedrine are concerned, I have 
had no experience, but it is a point that I shall consider in our insti- 
tution. 

As for tarsorrhaphy and any other operative procedure, my experi- 
ence has been that such measures have not been very effective. | 
believed that something radical had to be done. In these cases the 
condition was going on from bad to worse, and I thought that an opera- 
tion which would not produce much change in the integrity of the eye 
was indicated. 

I believe that the Naffziger operation does accomplish decompres- 
sion, but in regard to the position of the eyeball, in a number of those 
cases, as Dr. Naffziger has shown, there is an evident enophthalmos, 
which causes a certain amount of disfigurement, and the cerebral pulsa- 


tion is very annoying to these patients following the loss of the roof 
of the orbit. 





MINUTE STRUCTURE OF THE RETINA IN 
MONKEYS AND IN APES 


S. POLYAK, M.D. 
CHICAGO 


The anatomy of the eye in general, and the fine structure of the 
photoreceptive membrane, the retina, in particular, was the object of 
keen interest from the very beginning of modern histologic investiga- 
tion. It was rightly judged that the knowledge of this is one of the 
principal roads leading to the understanding of the all-important func- 
tion of vision. This interest was even more enhanced after it was 
found that the retina was a derivative of the central nervous system. 
By studying it there was hope to lift the veil behind which the secrets 
of the minute organization of the nervous system hid. It is not 
astonishing, therefore, if among early and later students of the retina 
one finds such names as Ehrenberg, Treviranus, Remak, Valentin, 
Bidder, Hannover, Brticke, Corti, Bowman, Kolliker, H. Muller, M. 
Schultze, Merkel, Schwalbe, Bird and Schafer. However, not before 
Tartuferi applied the method of Golgi to the retina toward the end of 
the past century, and Dogiel studied the retina with Ehrlich’s vital 
methylene blue staining, were the finer relationships of its cells to one 
another beginning to be understood somewhat better. But the greatest 
advancement in the knowledge of the retinal structure was made in the 
systematic and extensive investigations of Ramon y Cajal with the help 
of the methods mentioned; his achievement still represents the 
last word in this respect. For, since that epoch, during almost half 
a century, efforts to analyze the minute retinal structures have been 
almost at a standstill—for reasons to be properly evaluated by a his- 
torian. Strangely, there has been practically a complete absence of 
investigations of the retina of man and other primates by the method of 
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The great difficulty in procuring fresh human material so far has prevented 
me from studying human retina. Will my friends among the ophthalmologists 
who are interested in the advancement of science help with fresh human bulbs, 
opened and fixed in 10 per cent neutral formaldehyde? Such bulbs, or even parts of 


the bulbs, containing normal retina will be welcome and will be gratefully 
acknowledged. 
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Golgi, even though during the same past four or five decades there has 
been no considerable slackening of interest in the physiology of vision. 
On the other hand, numerous and otherwise valuable contributions 
undertaken with nonselective or with neurofibrillar methods have 
advanced little the solution of the main problem, which is the most 
important for the understanding of the function of vision: the problem 
of the synapses of the retinal neurons, or of the modes in which the 
various nerve cells composing the retina are related to each other. 

The paucity of knowledge of the retinal synapses induced me to apply 
the Golgi method to the retina of the monkey (Macacus rhesus or 
Macaca mulatta) and to that of the ape (chimpanzee, secured through 
the kindness of Prof. J. Fulton of Yale University). The results of this 
study given here are, because of the limited space, a mere skeleton deal- 
ing only with the essentials; a more detailed presentation will be neces- 
sary when the work—still in progress—is brought to something like 
completion. Then will also be the time to discuss more thoroughly what 
possible conclusions can be drawn with regard to the functional inter- 
pretation of the retinal structures in the light of the newly revealed 
histologic facts. 

Of the technicalities, the only one to draw attention to is the sys- 
tematic use, in the present study, of oil immersion lenses possessing a 
long working distance ; this was thought to be the only means to prevent 
making gross mistakes. Further, in order to avoid possible confusion, 
the various types and varieties of the cells are designated throughout 
the text and illustrations with small italic letters in the alphabetic 
order. Figures 1 to 10 are either exact copies made with the help of 
a drawing apparatus and with great care, or photomicrographs; figures 
11 and 12 are free-hand drawings of the structures, simplified but with 
all essential details preserved. On the Golgi method consult the article 
by Kallius* or some other manual on histologic technic. 


STRATIFICATION 


The naming of the retinal layers introduced by Schultze, Schwalbe, 
Ramon y Cajal and Greeff was found, on the whole, satisfactory ; but 
for a finer study of the two synaptic layers—the outer and the inner 
plexiform layer, especially the first—this subdivision was found to be 
inadequate. For this reason the outer plexiform layer was further 
subdivided into three zones (figs. 6D and E; 7D and F; 11 and 12): 
5a, corresponding with the outer fiber layer of Henle; 5b, composed of 
the rod spherules and cone pedicles, and 5c, composed of the expansions 
of the cells of the adjoining inner nuclear layer. Throughout the text 


1. Kallius, in Krause, R.: Enzyklopadie der mikroskopischen Technik, Berlin. 
Urban & Schwarzenberg, 1926, vol. 2, pp. 909 and 937. 
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and illustrations the small Arabic numerals alone or together with the 
small italic letters (compare figs. 11 and 12) designate retinal layers 
as follows: (7) pigmented epithelium; (2) rod layer and cone layer ; 
(3) outer limiting membrane, (4) outer nuclear layer; (5) outer plexi- 
form layer with zones 5a, 5b and 5c; (6) inner nuclear layer with 
zones 6a, 6b, 6c and 6d; (7) inner plexiform layer with its five zones 7a, 
7b, 7c, 7d and 7e; (8) layer of the ganglion cells; (9) layer of the optic 
nerve fibers; (70) inner limiting membrane. 


REGIONAL SUBDIVISION 

lor the practical purpose of orienting oneself it was found neces- 
sary to subdivide the retina into seven insular or circular regions (desig- 
nated by Roman numerals). The criterion used for this was an easily 
identifiable landmark, the ganglion cells. These regions are as follows: 
(1) fovea centralis, comprising the entire depression on the vitreal 
face of the retina; (II) macula lutea, exclusive of the fovea, character- 
ized by an accumulation of from three or four to eight rows of the 
ganglions ; (III) perimacular region up to a point where the ganglions 
are reduced to a single row of closely packed cells; (IV) near periphery 
to a point where the single compact row of the ganglions begins to 
break up; (V) middle periphery, with the ganglion layer discontinued, 


although at stretches the cells are still close together ; (VI) far periphery, 
where most of the ganglions are separated from each other by more or 
less considerable intervals; (VII) ora terminalis or ora serrata. 


RODS AND CONES 


The traditional concept of the rods (a) and cones (b) is questioned 
or amplified in a few points only. The outer segments of the cones 
even in extrafoveal regions usually have the shape of stout thorns or 
needles reaching with their points at least as far as the inner processes 
of the pigmented epithelium. In some preparations these needles carry, 
in addition, voluminous oval varicosities embedded in the pigment layer 
itself; it has been impossible to determine whether or not these vari- 
cosities are artefacts. The central cones fill the entire excavation of 
the outer fovea, their scleral tips thus being in line with those of the 
extrafoveal photoreceptors. At their base, exactly at the level where 
they slip through the outer limiting membrane, both rods and cones 
show sharp shallow indentations. In the central region corresponding 
with the outer fovea the cone nuclei are at some distance from the 
outer limiting membrane (fig. 1B). Zone 5a, or the outer fiber layer 
of Henle, is entirely composed of the inner rod fibers and cone fibers 
and of the corresponding portions of Miiller’s radiated “fibers.” The 
inner rod and cone fibers are direct vitreal continuations of their respec- 
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tive bodies. They vary greatly in length and course depending on the 
retinal region, the longest being in the macula. They all terminate in 
zone 5b with rod spherules (a) and cone pedicles (b), respectively, 
both being equivalent to the terminations or teledendrons of the axis- 
cylinders elsewhere. The obliquity of the inner rod and cone fibers is 
most pronounced in the macula (fig. 1). There is no evidence that any 
considerable number of the inner fibers of the cones populating the 
foveal center are short and vertical (which was the contention of Bird 
and Schafer) ; all such fibers bend sharply and, in an almost horizontal 
course, reach some point in the foveal and perifoveal regions where 
they terminate with their pedicles in zone 5b. 

The cone pedicles (b) are all arranged in a single row in zone 5b, 
and with their vitreal faces all touch zone 5c (figs. 11 and 12). The 
comportment of the rod spherules (a) filling the spaces between the 
cone pedicles is somewhat different (figs. 11 and 12); in the macula 
only a few rod spherules, in the perimacula approximately one half, 
and in the more peripheral regions the majority, are in direct contact 
with the inner zone of the outer plexiform layer (5c); the remaining 
rod spherules are placed higher up in zone 5b. Each cone pedicle 
possesses a dozen or so of short barbel-like basal filaments (b in fig. 2), 
longer and thicker in the retinal periphery than in the macula; these 
filaments spread horizontally within zone 5c, just underneath zone 5b 
(fig. 11). 

Each rod or cone together with all of its parts or processes is a 
complete histologic unit ; the cone pedicles are, therefore, part and parcel 
of the cones and not some intervening structures, cells sui generis, 
vacuoles or what not (as believed by Borysiekiewicz, Fortin and 
Balbuena). 

Between the rods and cones there is no reciprocal relationship other 
than that given by the physical factors of their being together, the indi- 
vidual rod and cone being separated from each other by thin neuroglial 
sheaths produced by Miller’s “fibers.” 

The rods are present also in the entire macula or perifoveal region 
(II), including the foveal slopes. Thus the small central area where 
there are no rods almost coincides with the outer fovea (macaque). 

The central foveal cones do not appear basically different from the 
other cones, the difference being merely in degree and in proportions 
(fig. 1) ; this is further corroborated by the synaptic relationships, which 
are essentially the same in the foveal and extrafoveal cones. Further, 
there is no morphologic evidence that there are several varieties of 
cones present side by side in the same region; on the contrary, the 
evidence favors the assumption that all cones in a given region are of 
the same variety. 
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Fig. 1—Adult macaque: rods, cones, midget bipolars and Miuller’s radiated 
“fibers” drawn ad naturam at < 300; reproduced at x 200. 


A was drawn almost entirely from a single section and shows the center of 
the fovea; the plane of cutting passes through the foveal slope. The straight 
horizontal lines mark the outer limiting membrane (the figure was drawn at vary- 
ing focusing levels). Note the diverging course of the inner cone fibers, the distri- 
bution of the cone nuclei over the entire fourth layer, the length of the two stained 
outer cone segments, the shape of which is deformed (all other outer segments 
are missing) and the presence of Miiller’s radiated “fibers.” 


B, which is a composite drawing from six sections of two different series, 
represents a vertical plane passing exactly through the center of the fovea, the flat 
floor of which slightly protrudes inward (downward), a dislocation which increases 
the depression of the outer fovea and causes a slight inclination of cones toward 
the center. Note the same details as in A: gradual increase of the thickness in 
cones from the center outward, also the delicacy of Miuller’s “fibers” in the foveal 
center. A few h bipolars are visible in the zone outside the flat foveal floor. 
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| The synaptic relationship of the rods—as far as disclosed—is: A] 
rods are related to the d variety of the bipolars (figs. 3, 4, 5, 6, 7, 11 
and 12), the rod spherules being in direct contact with the filamentous 
dendrites of the mentioned bipolars ; none of the rod spherules is related 
to the “bouquets” of the / variety of the bipolars; as to the e, f and 
gy bipolars, it appears probable that only those of the rod spherules that 
are close enough to zone 5c are related to the mentioned bipolars. More- 
over, all relationship between the rods and d bipolars is polysynaptic 
and diffuse; that is, each single bipolar cell is related to a compact 
group of rods (and cones), and there is no sharp separation of such 
adjoining groups from one another. Besides, the rod spherules appear 
to be relatetl also to the branchlets of the teledendrons of the axis- 
evlinders of the horizontal nerve cells (c, fig. 11, lower drawing), 
whereas such relation of the rod spherules to the dendritic expansions 
of the horizontal cells is not probable. Finally, a possibility of the 
relationship of the rod spherules to the teledendric rami of such 
“amacrine cells” as seem to possess an ascending axis-cylinder (i, 
fig. 12) is to be considered. 

The cones are synaptically related to all bipolars (d, ¢, f, g and h, 

figs. 11 and 12) although this relationship is peculiar for each variety: 
with / bipolars it is mostly monosynaptic, especially in the fovea and 
macula ; that is, each cone pedicle directly touches the bouquet of a single 
h bipolar. (Compare figs. 3, 4, 5, 6, 7, 11 and 12.) Of the remaining 
varieties—even in the macula—each bipolar cell is related to several 
cones (besides being simultaneously related to a group of rods). The 
cones are also related to the dendrites and to the teledendrons of the 
horizontal cells (c, figs. 2 and 11) and possibly also to the 7 teledendrons 
(1, fig. 12). 
HORIZONTAL CELLS 
A single variety of the horizontal cells was found which, however, 
varies in dimensions from region to region (c, in figs. 2,4 and 11). The 
cell bodies are practically always confined to one or two uppermost 
rows of cells of the inner nuclear layer, while the processes, both axis- 
cylinder and dendrites (c, figs. 4 and 11), are placed almost exclusively 
in the inner zone of the outer plexiform layer (5c). Processes descend- 
ing to the inner plexiform layer were never seen; such horizontal cells, 
reported by Dogiel and by Ramon y Cajal, appear to be merely 
large bipolars found in peripheral regions of the retina. The horizontal 
cells are most numerous in the macula and fovea, where their bodies 
are smallest and their dendritic expansions shortest; both increase in 
thickness and length in the peripheral regions, where the bodies of the 
cells are separated from one another by considerable intervals. 

As a rule, in the macula the dendrites arise from the scleral ends 
of the cell bodies, and in the retinal periphery from their sides, and 
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alwavs terminate freely. Anastomosing was never seen between the 
expansions of the horizontal cells, or between these and the expansions 
of other cells. At their ends secondary and tertiary dendrites produce 
tiny shallow baskets made up of half a dozen very short terminal 
pranchlets somewhat swollen at their ends, the baskets, resmbling the 
houquets of the h bipolars (c, fig. 2). According to their shape, size, 


hy ry 


6 


Fig. 2—Adult macaque: rods (a), cones (b), horizontal cells (c¢) and individ- 
ual midget or cone bipolars (h); drawn ad naturam at X 450; reproduced at 
x 300. This drawing is a composite from half a dozen sections of a horizontal 
series showing some of the elements of the fourth and fifth layers and of the outward 
zone of the sixth retinal layer as these elements appear in “flat” sections viewed 
irom the scleral side. Note the numerous basal filamentous outgrowths in cones; 
the asteriform appearance of the horizontal cells with dendrites radiating in all 
directions and carrying at their ends baskets; in the left upper corner a large 
horizontal cell from the far periphery; in the right upper corner, a colony of 
three horizontal cells with reciprocally overlapping dendrites. Of the five tele- 
dendrons belonging to the axis-cylinders of horizontal cells, the uppermost is 
incomplete. The direction of the spread of excitation is indicated by arrows. The 
midget bipolars are of the peripheral type, each with two bouquets. 
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position and distribution, it is evident that each basket touches fron 
underneath one of. the cone pedicles. Whether some baskets are also 
related to the rod spherules is uncertain and unlikely. As in the 
h bouquets the c baskets terminate at the line dividing zone 5b from 5¢ 
(c, fig. 11). By means of these dendritic baskets each horizontal cell 
is related to a group of cones, up to fifteen in the macula, to two dozen 
in the far periphery, and to approximately eight or ten in the middle 
periphery. 








Each horizontal cell discharges a single axis-cylinder of the appear- 
ance of a typical nerve fiber, with spindle-shaped varicosities at fairly 
regular intervals (figs. 2 and 11). The fiber originates either from the 
neck of the cell body or from one of the main dendrites and is clearly 
distinguishable from the dendrites. After a long course almost wholly 
confined to zone 5c, the axis-cvlinder splits into a terminal arborization, 
the teledendron, of a considerable spread, and confined to the same 
zone, Sc. Flat preparations (fig. 2) show the elaborate branchings oi 
the axis-cylinders and also that no one particular direction—to or from 

‘ the fovea—predominates in the course of the axons, the fibers criss- 
crossing in all directions. Unlike the baskets of the dendrites, the 
terminal branchlets of the teledendrons, each with a sizable nodule at 
its end, do not stop at the divide between zones 5b and 5c, but ascend 
into zone 5b, where they become attached to the sides of the cone 
pedicles (fig. 11); less certain is their relation to the rod spherules. 
With respect to the cone pedicles the comportment of the horizontal 
teledendrons resembles that of the filiform d dendrites. 

The synaptic relationship of the horizontal cells and photoreceptors 
appears, thus, to be as follows: Whereas the terminal dendrites just 
touch the vitreal faces of the cone pedicles, the terminal teledendrons 
cling to their sides. In this way, each horizontal cell brings into 
reciprocal relationship a group of the cones with another and larger 
group of cones, and possibly also with a group of the rods, of some 

distant point jof the retina. 





















BIPOLAR CELLS 


The bipolar cells (d. e, f, g, and h) represent the second neuron or 
link placed between the photoreceptors (rods and cones) and _ the 
ganglion cells (figs. 3. 4+. 5. 6, 7, 11 and 12). Their bodies form the 
bulk of the inner nuclear layer (6) ; their scleral processes or dendrites 
reach into the outer plexiform layer (5) ; their vitreal processes or axis- 
cylinders descend to the inner plexiform layer (7), where they pro- 
duce terminal ramifications or teledendrons. Few bodies are displaced 
in the fifth layer (first bipolar from the left in the upper drawing, 
fig. 11). Everywhere the principal expansions of the bipolars are more or 
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less vertical with respect to the retinal layers; exceptions are the foveal 
slopes, where the bipolars assume a slanting position in common with 
other elements of this region (fig. 1B). 

Depending on various features, especially on their different synaptic 
relationships, two main groups of the bipolars can be distinguished: 
diffuse varieties (d, ce, f, and g) and an individual variety (1). The 




















Fig. 3—Adult macaque: diffuse bipolars (d, e and f), individual midget or 
cone bipolars (h), “amacrine cells” (i and /) and Miiller’s radiated “fiber” (1) ; 
drawn ad naturam at X 450; reproduced at & 300. The drawing was made from 
a portion of a single section between the macula and the disk (read from the left 
end of 4 to the right end of B). The layers from above downward are: zones 
5b and 5c of layer 5, layers 6, 7, 8 and 9 (compare with figs. 11 and 12). Note 
the individual contact of the h bipolars with cone pedicles, the vertical course of 
bipolars and their arrangement parallel to each other, especially of the h variety, 
and the absence of an overlapping of the outer expansions (bouquets) in adjoin- 
ing |: bipolars and the presence of this in diffuse bipolars (d, e and f), visible even 
hetter in figures 4, 5 and 6. 
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first group is composed of several varieties, some being morphologically 
quite distinct from one another (thus d from e, f and g) ; others, on 
the contrary, exhibit among themselves a fair degree of kinship, so tha: 
they may be considered variations of one and the same type (thus 
ce, f and g). A clearcut distinction is also present between all diffuse 
bipolar varieties (d, e, f and g), on the one hand, and the single indi- 
vidual bipolar variety (/), on the other. 

The differentiation into morphologically distinct varieties is most 
clear, or farthest advanced, in the region of the fovea and macula: 
outside these, not infrequently, forms of the bipolars are encountered 
embodying features of several varieties. Besides, there are also unusual 
forms or freaks difficult to classify (h-d, fig. 11), such bipolars being 
usually found in the retinal periphery and being otherwise rare. 

Diffuse or Polysynaptic Bipolars—The name “diffuse bipolars” is 
given to the varieties d, e, f and g because of the fact that the scleral 
expansions or dendrites of each cell are related not to a single but to 
a group of photoreceptors, and also because the dendritic territories 
of adjoining bipolars of the same or different denominations show 
reciprocal overlapping. 

The first diffuse bipolar (d) is identical with the “rod bipolar” ot 
Ramon y Cajal (d, figs. 3, 4, 5, 6, 7, 11 and 12). Its characteristics 
are: a rather thick scleral process or main dendrite which usually, as 
soon as it reaches zone 5c, splits into a large number of very thin 
(0.3 or 0.5 micron) dendritic filaments which ascend into zone 5). 
These delicate dendrites are closely attached to the sides both of the 
cone-pedicles and of the rod-spherules irrespective of whether the latter 
are close to or at a distance from zone 5c. (Compare especially d in figs. 
5 F, 7 A, 11 and 12.) It is clear, therefore, that its appellation “rod 
bipolar” is not borne out by reality. The notable facts that the dendritic 
tuft of each d bipolar is related to a compact group of photoreceptors 
and that these tufts spread over the territories belonging to the tufts 
of the adjoining d bipolars, as also to those of all other bipolar varieties 
(e, f, g and h), need special emphasis. The vitreal process or axis- 
cylinder passes usually straight down to the lowermost zone of the 
inner plexiform layer (levels 7d and 7e, figs. 11 and 12, also figs. 3 and 
4). Here, after swelling up somewhat, it divides into a few short 
varicose branchlets ; besides, one or two short collateral twigs are some- 
times given off at other levels of the seventh layer (usually 7c). The 
bulk of the teledendric rami are in this bipolar, accordingly, close 
to the eighth layer and are in direct contact with the bodies of ihe 
ganglion cells bordering on the seventh layer (=axosomatic synapse). 
The ganglions placed deeper in layer & probably are related to the 
d bipolars by means of their dendrites. Each d bipolar is usually 





os 
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related to two, three or four ganglion cells, rarely to a single ganglion, 
in this case usually of a large size. Anastomosing of the dendritic or 
teledendric branchlets of the different d bipolars among themselves, 
or between these and the branchlets of other bipolar varieties or of any 
other cells, which would produce a nervous network (neuroreticulum 
or neurencytium) described by others was never seen and can most 
confidently be ruled out, each bipolar having a dendritic and a tele- 
dendric tuft of its own. The d bipolars are present in great numbers 
in all regions of the retina, including also the macula and the distant 
periphery, everywhere indiscriminately mingling with the remaining 
bipolar varieties. 

The second diffuse bipolar variety (e-f-g) is represented by three 
slightly different modifications (figs. 3, 4, 5, 6, 7, 11 and 12) ; especially 
e and f bipolars are distinguished by only unessential morphologic 
features which may well be merely expressions of local adaptation; 
whereas the g variety appears as a not fully differentiated diffuse bipolar 
and is found in small numbers and in few regions only. As the first (d). 
so this second diffuse bipolar (e-f-g) possesses a single thick main 
dendrite, except when the body is quite close to the fifth layer (as in 
fig. 6). In zone 5c this dendritic trunk divides into a considerable 
number of very thin secondary, tertiary, etc., dendrites which spread 
throughout almost the entire thickness of zone 5c. In type e these 
filaments ascend in a rather steep course toward zone 5); in type f 
the division into secondary, etc., dendrites takes place farther up 
within zone 5c, usually just underneath zone 5b, and some of the 
fine undulating dendritic branchlets take an almost horizontal course 
(compare especially figs. 5, 6 and 7); in type g the few thin and quite 
long undulating dendrites also meander through the whole thickness 
of zone 5c. (The g bipolar is not depicted in any of the accompanying 
illustrations; it is similar in appearance to the ¢ bipolar in fig. 6 EF.) 
Whatever the special mode of dividing or the course of the dendritic 
filaments, the characteristic feature of all three types of this bipolar 
variety is that all terminal dendritic branchlets, usually carrying tiny 
nodules at their ends, stop abruptly at the line dividing zone 5b from 5c. 
The dendrites are, in this variety, accordingly, always or almost always 
confined to the lowermost zone of the outer plexiform layer (5c) 
and do not, or do only rarely and then only for a short distance, penetrate 
into the middle zone of the mentioned layer (5b). (Compare especially 
fg. 5C and G, fig. 6B, D and E and fig. 7C, D and F.) This means 
that while in the d bipolar the dendrites run along the sides of the rod 
spherules and cone pedicles (which in the aggregate form zone 5h; 
compare d in figs. 5 F, 6C and 7 A), the dendrites of the e, f and g 
hipolars just touch the lower or vitreal faces of the lower swollen ends 
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of the photoreceptors. (Compare also figs. 3, 4, 11 and 12.) Only off 
and on, especially in the f bipolar, one or a few varicosities push for 

a short distance into zones 5b (f, figs. 5 C, also 3, 4. 11 and 12). It is 
to be regarded as certain that each e, f and g bipolar is in the foregoing 
way related to the cones, which relationship is never monosynaptic, since 


each bipolar touches several of the mentioned photoreceptors. Their 
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Fig. 4.—Adult macaque: horizontal cells (c), diffuse bipolars (d, e and f), 
individual or midget bipolars (h), ganglion cells (1 and s), and radiated “fibers” of 
Muller («) or their vitreal ends; drawn ad naturam at x 450; reproduced at 
< 300. The layers are designated as in figures 11 and 12. This is a composite 
drawing from a few adjoining sections of the same series, 4 from the perimacular 
region (III) and B from the macula (II). Note in the bipolars the different 
shape and varying position of the upper and lower expansions relative to the 
layers and sublayers, and the same in the horizontal and ganglion cells. Note the 
lateral expansions of Miiller’s fibers varying in different layers or zones, also their 
ragged expansions in the ninth layer close to their lower conical ends. 
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relationship to the rods is, on the contrary, less evident, although in 
not a few cases it seems to exist, especially with the rod spherules 
adjoining zone Jc. 

Features common to all diffuse bipolars including the d bipolar are 
‘he following: first, each e, f and g bipolar is related not to a single 
cone or rod but to a group of photoreceptors. Further, the dendritic 
territories of the adjoining diffuse bipolars are not separated from 
each other, the indiscriminate reciprocal overlapping being often as 
much as one half ‘of the dendritic spread (thus the three e bipolars 
at the left end of the lower drawing, fig. 12; compare also other corre- 
sponding details in figs 3, 4,5 11 and 12). As in d, such overlapping 
is present not only in the retinal periphery but also in the entire macula, 
including the fovea, whenever there are any bipolars in it. Briefly, 
there are an indiscriminate mingling and a reciprocal overlapping of 
the dendrites of each diffuse bipolar variety with its own kind (thus d 
with d, e with e) and with other diffuse varieties (thus d with e and 
f, e with d and f), besides a like mingling and overlapping with the 
individual h bipolars; in the latter relationship there is, however, this 
notable exception: while all diffuse bipolars (d, ec, f and g) overlap 
with their dendrites the dendritic bouquets of the / bipolars, the latter 
remain separated from each other by distinct intervals. (Compare 
especially figs. 11 and 12.) This remarkable and complex disposition 
of the dendritic expansions of the bipolar cells is found to be essentially 
the same throughout all regions of the retina, not even excepting the 
macula and fovea, where, in fact, it is most clearly pronounced. 

The vitreal expansions or axis-cylinders of the e, f and g bipolars, 
one arising from each cell, are no less characteristic. As in the d and h 
Inpolar, here, too, the axis-cylinders pass more or less straight down 
to the inner plexiform layer (7), excepting the central fovea, where 
they are oblique. But whereas in the d bipolars the teledendric ramifica- 
tions are quite close to the ganglion layer (8) and are chiefly related 
to the bodies of the ganglion cells, in the ce, f and g bipolars the tele- 
dendric branchlets never descend as deep, being as a rule confined to 
the upper (scleral) one half or so of the inner plexiform layer (figs. 
3,4, 11 and 12). Accordingly, the ec, f and g teledendrons are related 
only to the dendritic expansions of the ganglion cells spreading in the 
seventh layer (= axodendritic synapse). Possibly they are also simul- 
taneously related to the dendrite-like expansions of the so-called amacrine 
cells (7, k and 1). 


As in the former (d), so in this bipolar variety (e-f-g) merging 
or anastomosing of either the dendrites or of the teledendrons into a 
continuous netting or neuroreticulum (Tartuferi’s rete sottoepiteliale and 
rete det fiochetti) was never seen and can most assuredly be ruled out. 
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Fig. 5—Adult macaque: diffuse bipolars (d, ¢ and f) and individual midget 
or cone bipolars (i); drawn ad naturam in parts 1, B, D and E, and reproduced 
at a moderate magnification; in parts C, / and G, drawn at & 1,125 and repro- 
duced at & 800. The layers are designated as in figures 11 and 12. A shows 
irregular h bipolars each with two bouquets drawn at different focusing levels; 
the teledendrons possibly touch ganglion cells (close to the fovea). B shows anh 
bipolar with two main dendrites forming one bouquet. C presents the dendrites of 
a single f bipolar related to a group of photoreceptors, /: bouquets related individ- 
ually to cone pedicles, one main dendrite crossing its neighbor at a right angle 
and another bouquet giving off a collateral branchlet that possibly touches the 
adjoining cone pedicle (close to the foveal). In PD is a natural group of three / 
bipolars, one drawn at a different focusing level (the macular periphery). £ 
pictures a natural group of d and h bipolars related to the same photoreceptors. 
Note the reciprocal overlapping of the dendrites of d with d, and also of the 
dendrites of d with those of h (between the macula and disk). /' shows a group 
like that in E. Note the delicate dendrites of d ascending in zone 5b along the 
sides of a small compact group of photoreceptors and simultaneously overlapping 
those of an h bipolar on the left; each A bipolar is related singly to a cone pedicle 
(close to the macula). G shows an / bipolar related individually to a cone pedicle ; 
e is the same bipolar as in photomicrograph /’, figure 7—filling with its dendrites zone 
5e and in contact with a compact group of photoreceptors (close to the fovea) 
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Individual or Monosynaptic Bipolar.—This group is represented 
by a single variety, the individual bipolar (1). The name given to it 1s 
to convey the fact that, especially in the macula and close to it, each 
h bipolar is usually related to a single cone. Since this variety is related 
to the cones alone, it alone deserves the appellation “cone bipolar” 
(another name given to it, because of its small size is “midget bipolar” ). 

The first striking feature of the cone bipolar is its scleral process or 
dendrite (h, figs. 3, 4, 5, 6, 7, 11 and 12). This usually is single and 
relatively thin. It is mostly directed straight to the outer plexiform layer 
except in the fovea, where it 1s somewhat oblique (fig. 1). The chief 
dendrite usually remains undivided until quite close to the line separating 
zone Jb from 5c. Here, while remaining confined to the territory of 
zone Jc, it all of a sudden disperses into a multitude of thin 
and quite short preterminal and terminal branchlets, each carry- 
ing at its end a tiny round nodule or button. All buttons are 
placed at approximately the same level, which coincides with the line 
dividing zone 5b from 5c, and are closely packed together. thus forming 
a tiny compact shallow cup or bouquet resembling a half-open flower of 
the dandelion (ht especially in figs. 5 and 6). At low magnification the 
bouquets might be easily mistaken for solid semilunar or meniscoid 
swellings (thus h, figs. 1, 3,4 and 7). The size of such a bouquet is 
commensurate with the size of its related cone pedicle, being mostly a 
bit less, rarely a trifle more. The width of an / bouquet is only a frac- 
tion of the dendritic tuft of any of the diffuse bipolars (d. ec, f). In 
the macula, where the cone-pedicles are close together, this is particularly 
clear; such preparations show that the bouquet of each single /: bipolar 
is related to a single cone, its tiny buttons directly touching the vitreal 
face of the related cone pedicle (h, figs. 5,6and7). In by far the greatest 
number, in the macula, the adjoining / bouquets do not reciprocally 
touch but are separated from each other by minute though distinct 
intervals, each not exceeding a fraction of the width of the bouquet 
(thus in places in figs. 3, 11 and 12, and especially in fig. 6B). As a 
rule, therefore, there is no reciprocal overlapping between the adjoining 
h bouquets comparable to the regularly observed overlapping of the 
dendritic tufts of the diffuse bipolars described before. This means that 
especially in the central region of the retina most of the /: bipolars are 
related individually to the cones; in other words, the / bipolars are 
individual, private or monosynaptic cone bipolars. From this rule there 
are, however, a few exceptions even in the macula; off and on an /t 
bipolar has a branchlet or two spreading away from the common bouquet 
which possibly is related to other cone pedicles (thus in fig. 5 C and F) : 
or there are two bouquets belonging to a single / bipolar each related 
to another cone (fig. 54). Outside the macula, especially from region 








‘ 
a 


; 


4 
#} 
a 
at 
: 
‘ 








492 ARCHIVES OF OPHTHALMOLOGY 


Bi AIA AY LY LALA 
= : ‘a => <> SSS 


Fig. 6.—Adult chimpanzee: diffuse bipolars (d, ¢, f) and individual midget or 
cone bipolars (h); drawn ad naturam at X 1,500; reproduced at & 1,000. The 
layers are designated as in figures 11 and 12. 4 shows an A bipolar with its 
dendritic bouquet touching the vitreal face of a cone pedicle (close to the macula). 
B presents a natural group of three bipolars, two (h) related singly to adjoining 
cone pedicles and one (f) with a wide dendritic tree-top in contact with the vitreal 
faces of a compact group of photoreceptors; the extreme left branchlet in f is in 
contact with the same cone pedicle to which the adjoining h bipolar is related (the 
macular periphery). C shows a d bipolar with dendrites in zone 5b embracing a 
compact group of photoreceptors (the macular periphery). In D are an e¢ 
bipolar with dendrites confined to zone 5c and in contact with the vitreal faces of 
a compact group of photoreceptors, and a portion of a “fiber” of Miiller (u) 
changing in zone 5b abruptly from an oblique into a vertical course (the macular 


periphery). EE shows an e bipolar (close to the macula), with a wide dendritic 
tree-top, which otherwise is similar to that in D. Note the structure and spread 
ot the dendrites and their relation to the rods and cones, each feature particular 
in each variety. 
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[\ on, other variations of essentially the same fundamental / type 
appear, each bipolar with two or more bouquets each touching a dif- 
ferent cone at points more or less distant (/i-h in fig. 12 A is such a 
polysynaptic cone bipolar ; two double /: bouquets are shown in fig. 2). 
Such modified 4 bioplars are also distinguished by a partial overlapping 
of their dendrites similar to that found in the diffuse varieties. (Such 
polysynaptic h bipolars are more frequently seen in the chimpanzee than 
in the macaque. ) 

In summary, while particularly in the central region of the retina 
there is no reciprocal overlapping of the / bouquets among themselves, 
such overlapping is present in all of the retina between the individual 
h bipolars, on the one hand, and the diffuse bipolars (d, e, f and g), 
on the other hand. This produces the following complex synaptic rela- 
tionship between the photoreceptors and bipolar cells: The cones are 
individually related to the h bipolars, and in groups to the diffuse 
bipolars, the groups being not completely separated from each other. 
The rods have no relationship with the / bipolars and are in groups 
related to the d bipolars, possibly also to the e, f and g bipolars. (The 
simultaneous relationship of the photoreceptors to the horizontal cells 
and to certain amacrine cells has been mentioned.) The foregoing 
statement is completely true especially for the macula and for the fovea 
as far as in the latter there are any bipolar cells. 

The appearance of the vitreal process or axis-cylinder of the / 
bipolar and its synapsing are no less characteristic. In contradistinction 
to the more elaborate teledendric ramifications of the diffuse bipolars 
(d, e, f and g) the h teledendrons, especially\in the macula, divide little, 
are smaller, are of a plump appearance, and consist in most cases of 
a few short thick round or angular varicosities lumped together (figs. 
1B, 3, 4, 5, 11 and 12). The most restricted and least elaborate are 
the h teledendrons in the fovea (compare the few /: bipolars in fig. 1 B). 
these gradually increasing in size and becoming somewhat more elaborate 
toward the retinal periphery. Another remarkable feature is the position 
or location of the / teledendrons in the inner plexiform layer (7). With 
rare exceptions all / teledendrons are placed on two levels, either close 
to the inner nuclear layer (chiefly zone 7a) or close to the ganglion 
layer (chiefly zone 7d). The h teledendrons, accordingly, never touch 
directly the bodies of the ganglion cells (barring rare examples which 
otherwise deviate from the norm, thus h/ in fig. 5 A and h-d in fig. 11). 

The synaptic relationship of the 4 bipolars and the ganglion cells is 
peculiar and complex. Most unequivocal is the synapse with the small 
or midget ganglions (s). Here the teledendron of each / bipolar is envel- 
oped by the dendrites of a single s ganglion (figs. 11 and 12). In this 
way a second individual or monosynaptic relationship in the retina is 
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established, altogether producing a set of direct and separate chains 
cach composed of three retinal neurons: cones (b)—midget bipolars (/h) 
—nudget ganglions (s). It appears also probable that besides the men- 
tioned individual relationship of the / bipolars to the s ganglions there is 
at the same time a relationship of the first to the dendritic expansions of 
the diffuse ganglion cells (im, 1, 0, p and r), usually several bipolars to 
each ganglion (while the same s ganglions are simultaneously related to 

















Fig. 7.—Adult macaque: diffuse bipolar (d and c) and individual midget or 
cone bipolar (1); taken at & 1,500; reproduced at « 1,000. 


The layers are desig- 
nated as in figures 11 and 12. A shows a d bipolar with thin dendritic branchlets 
ascending along the rod spherules and cone pedicles in zone 5b. B and E show 
h bipolars, each with a main dendrite terminating in a bouquet the nodules of which 
touch zone Sb. 


Note the faint outlines of a cone pedicle in E individually related 
to the h bipolar. 


C, D and I’ show the main dendrites of ¢ bipolars, each terminat- 
ing with an elaborate dendritic tree-top that fills the 


relationship of all three bipolar varieties to zones 5b 
zone 5b of dendrites of the ce and h varieties. 
F is the same as that in drawing G, figure 5. 


entire zone 5c. Compare the 
and 5c. Note the absence in 
The ¢ bipolar in photomicrograph 








POLYAK—THE RETINA IN MONKEYS AND IN’ APES 495 


the diffuse bipolars; several such are seen in figs. 11 and 12). Another 
probable relationship of the /i bipolars is with the expansions of the 
so-called amacrine cells (7, k and /). 

The h bipolar was by the earlier investigators either not seen or 
seen incompletely and always interpreted incorrectly. Thus Merkel 
(1869, 1876, 1877) called its bouquets Plattchen ; Dogiel (1884 described 
the same feature as kornige Kliimpchen or “granular clods’; Borysie- 
kiewicz (1894) mistook the bouquets for mitotic figures of his hypo- 
thetic cells, which, as well as Balbuena’s “vacuoles” and _ Fortin’s 
pequenos aparatos, are nothing but the cone pedicles themselves. Fortin 
(1925) described the bouquets as ménisques attached to hts imaginary 
pequehos aparatos, which, of course, falls short of any explanation. For 
the nearest approach to the discovery of the / bipolars credit must be 
given to Balbuena, although neither his description nor his interpretation 
stands the test of facts. The best figures of the scleral ends of the h 
bipolars in the human retina, each bouquet related to a single cone 
pedicle, were given by Held (1905) although, amazingly, Held, misled by 
his concept of the “general or universal neuroreticulum”’ or ‘“neurency- 
tium,” completely failed either to recognize the cell variety or to grasp 
the essentials of the individual synapsing. Finally, the variety labeled 
hy Ramon y Cajal “cone bipolars” (bipolaires pour cones )—as is per- 
fectly clear from the foregoing description and from my figures—is 
nothing but my f bipolar; a type probably identical with my / bipolar 
was possibly seen by him in the chameleon’s fovea and that of some 
birds, although from his description one would think he had assumed 
that these foveal bipolars with very restricted expansions were of the 
same type as the bipolars that in the periphery of the retina possess 
wide tufts (my f variety) which in the fovea were merely reduced 
in size; no other bipolar variety is mentioned by Ramon y Cajal in 
the fovea. In opposition to’ this the present study conclusively demon- 
strates that in Primates the individual or / bipolar is an independent 
variety which—even in the fovea—is present side by side with the 
diffuse bipolar varieties. Ramon y Cajal’s “giant bipolar’ has, on the 
contrary, never been seen in Primates ; whenever a similar structure was 
noticed a careful examination showed this to be due to an accidental 
impregnation of a large horizontal cell (c) superimposed on one of 
the diffuse bipolars, usually the f variety, simulating a bipolar with 
long flat dendrites. Finally, the present study shows that the popular 
belief that in the fovea (where the cones alone were supposedly present 
and where, accordingly, the cone bipolars alone had been expected) the 
number of the foveal bipolars is equal to the number of the foveal 
cones is incorrect. Such an assumption is in no way borne out by present 
facts, which reveal in the fovea, as also outside of it, the presence of 
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several bipolar varieties, intermingling with one another. This by 
necessity leads to the conclusion that even in the region corresponding 
with the very center of the retina the number of the bipolars must 
exceed the number of the cones. 


““AMACRINE CELLS” 

The name “amacrine cells” (7, k and /) was given by Ramon 
Cajal to a group of cells with bodies placed in the lowermost zones 
of the inner nuclear layer (zones 6c and 6d, figs. 11 and 12) because 
of the apparent absence of axis-cylinders, the expansions of the cells in 
this category spreading in the inner plexiform layer having the charac- 
teristics of dendrites. In my experience this group is composed of 
heterogeneous elements, nervous and non-nervous, difficult to evaluate. 
The existing confusion can therefore be remedied only partly by the 
present work. At the outset. from the rank of the amacrine cells 
proper must be excluded cells which are obviously non-nervous: the 
true interstitial spongioblasts of W. Muller named by Ramon y Cajal 
“neuroglial amacrines,” the incomplete radiated “fibers” or cells of H. 
Muller and the displaced astrocytes. Other cells, usually large, each 
with a descending axis-cylinder which passes through the seventh and 
eighth layers in order to join the layer of the optic nerve fibers (9), 
are also not amacrines but are simply displaced ganglions or Dogiel’s cells 
(thus s in fig. 9D, m in the lower drawing in fig. 12, possibly also im? 
and r? in fig. 8 E and F and m? in fig. 11). There still remain several 
varieties that conform more closely to the type of the amacrines proper 
(i, k and I in figs. 3, 8, 10, 11 and 12). 

Of these the first amacrine (7, figs. 3 and 12), identical with Ramon 
y Cajal’s “large or diffuse amacrines,” has vitreal processes of a lumpy. 
knotty or varicose appearance usually spreading through the entire 
thickness of the seventh layer down to the immediate vicinity of the 
ganglion cells. These vitreal processes have all the characteristics of 
the protoplasmic expansions or dendrites of nerve cells elsewhere. In 
most of the 7 cells no other processes were stained; in a few in the 
chimpanzee, however, an outward or scleral process was found (i in 
fig. 12). It ascends to the outer plexiform layer where in zone 5c it 
divides into a few short plump branchlets carrying at their ends vari- 
cosities and is apparently in contact with the rod-spherules and cone 
pedicles. At any rate, this fiber and its branches resemble in a high 
degree an ascending axis-cylinder with its teledendron. If this interpre- 
tation is correct the proper name for the / cell is “centrifugal bipolar.” 
The 7 variety is common in all regions, including the macula and the 
foveal slopes. Similar cells were seen by Ramon y Cajal but were 
evidently regarded by him as special cells, different from his true 
“amacrines’ or axonless cells. 
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The second amacrine variety (k, figs. 8 and 11, possibly also /, 
fig. 8D), apparently identical with some of Ramon y Cajal’s “strati- 
is as common as the first. The descending expansions 
vary in detail but are usually more numerous, more dense, less crude 
and in general of a more elaborate and thorny appearance than those 
of the first variety, and are often limited to one or a few zones of the 


’ 


fied amacrines,’ 


Fig. 8—Adult macaque: various forms of the so-called amacrine cells (/ and 
k), an amacrine cell resembling a displaced parasol ganglion (m/?) (compare m 
in lower drawing, fig. 12), an amacrine cell resembling a giant ganglion (r?) 
(compare m? in fig. 11 and m in fig. 9) ; drawn ad naturam at < 600; reproduced 
at X 400. Parts A, B, C, D and E are representations of various parts of the 
macula; part F, of the region adjacent to the macula. The layers are designated 
as in figures 11 and 12. In 4, the ? at the extreme right, also that in C, give an 
oblique view from the lateral and partly vitreal side. Note the great variation in 
size, compactness, length, thickness, number and zone of spreading of the expan- 
sions in the seventh layer. 
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seventh layer, being thus “stratified.” An ascending process is seen 
very rarely ; more likely a long fiber coursing horizontally in the seventh 
layer is an axis-cylinder. Some of the k amacrines might be association 
cells, others simply neuroglial amacrines. 

Even less than the first two does the third amacrine (/) represent 
a clearly defined variety (figs. 8, 10 and 11). No ascending process is 
found here. In some there may be present a horizontal fiber, possibly 
an axis-cylinder, spreading in the seventh layer. The remaining dendrite- 
like processes spreading in the seventh layer exhibit great variation in 
number, thickness, length and distribution; in the macula they often 
resemble a hanging tassel or mop (one /, fig. 8A, and /, fig. 10 A); 
in the periphery of the retina, with their long branches dividing little, 
they somewhat resemble the legs of a spider (fig. 8 B). 

All “amacrines” are present in all regions of the retina, where they 
indiscriminately mingle with each other. As in all other cells of the 
retina, the alleged fusion of the processes of ‘“‘amacrines” described 
by Dogiel, Uyama and Uyama and Miyake was never seen and is to be 
ruled out. As is evident, the systematization and the determination of 
the synaptic relationships of this group of the retinal cells still remain 
to be done. 

Additionally, mention must be made also of certain fibers of the 
seventh layer resembling axis-cylinders. These arise from the layer 
of the optic nerve fibers (9), ascend through the ganglion. layer (8) 
into the inner plexiform layer (7) where they divide in the manner 
of terminal ramifications (t, fig. 10.4). Such might be the so-called 


exogenous or centrifugal fibers described by Ramon y Cajal and Dogiel. 
Their true origin is unknown. 


GANGLION CELLS 


The bodies of the overwhelming majority of the ganglion cells 
(m, n, 0, p, r and s) are placed in the eighth layer (figs. 4, 9, 10, 11 
and 12); a few are displaced in the lowermost zones of the sixth layer, 
the displaced ganglions or Dogiel’s cells (s, fig. 9D; one m in lower 
drawing, fig. 12; such cells were not found by Ramon y Cajal in 
mammals). The protoplasmic expansions or dendrites, which vary 
greatly in size and appearance, all spread in the seventh layer; they 
never anastomose among themselves or form protoplasmic bridges 
between different adjoining cells as claimed by neuroreticularists. An 
axis-cylinder is regularly discharged into the layer of the optic nerve 
fibers (9). According to their peculiarities, six varieties of the ganglion 
cells can be distinguished, which are unevenly distributed throughout 
all regions of the retina. As the bipolars so the ganglion cells—and 


POLYAK—THE RETINA IN MONKEYS AND IN APES 499 


4 ir 7 
CXC IOL IY 
. ©. ° © e @e ° - 
= ~ 


SS oo - 
. ss 


WOK 
NOV “ 

Fig. 9—Adult chimpanzee: diffuse ganglion-cells—parasol cells (m), garland 
cells (p), small ganglions with flat horizontal dendrites (o0)—and individual 
midget ganglions (s); drawn ad naturam at X 450; reproduced at X 300. The 
layers are designated as in figures 11 and 12. All cells are taken from the periph- 
ery of the retina. Note the extraordinary length and loose appearance of the 
dendrites in the p ganglions, the flat or stratified and compact dendritic tree-tops 
in the m ganglions (the one in D being of an exceptional size) and the great 
difference in size and shape of the dendrites of the diffuse ganglions (m, o and p) 
when compared with the individual ganglions (s). Compare the size of the den- 
drites of the m and s ganglions from extramacular regions represented in this 
figure with the m and s ganglions from the macula represented in figure 10. In 
l) may be seen an s ganglion with its body displaced into the sixth layer and its 
dendrites formed in the usual way in the seventh layer, its axis-cylinder passing 
down to the ninth layer (Dogiel’s displaced ganglion cells). In C there is a fiber 
emerging from the ninth and ramifying in the seventh layer. 
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for the same reason—can be divided into two groups: diffuse ganglions 
(m, n, 0, p and r) and individual ganglions (s). 

Diffuse Ganglion Cells—The group of the diffuse ganglion cells 
(in, n, 0, p and r) has in common relatively long or dense or numerous 
dendrites spreading over a considerable portion of the- seventh layer 
and a more or less extensive reciprocal overlapping of the dendritic 
territories of the cells of the same and different denominations (m with 
m, n with » and so forth, but also m with 7, 0, p, r and s and so forth). 

The first variety, the parasol ganglion (m, figs. 9, 10, 11 and 12), 
has a dendritic “tree-top” of quite characteristic appearance ; it resembles 
an open parasol or the African table-top acacia, is dense or compact, and 
flat. In the macula (fig. 10) these cells are much smaller than in the 
periphery of the retina (fig. 9). This variety is synaptically related 
to the e, f and probably also the h bipolars by means of its “tree-top,” 
and to the d bipolars by means of its body (at least in many examples). 

The second variety, the shrub ganglion (n, figs. 4, 10 and 12), is also 
sharply defined morphologically. From a rather small or medium-sized 
body arises either one thick or several fairly thin smooth dendrites 
which by dividing little spread through almost the entire thickness of 
the seventh layer. The few terminal buds and twigs are twisted in a 
bizarre way and resemble the runners of a climbing plant. A close 
examination reveals that the preterminal and terminal twigs form minute 
nests placed in two rows, one in the upper half, the other in the lower 
half, of the seventh layer, fitting so as to accommodate especially the 
two rows of the / teledendrons. Besides to the latter, each shrub ganglion 
is synaptically related to a group of the diffuse bipolars (d, e, f). The 
n ganglion is abundantly present in extramacular regions and also in 
the macula and fovea. It strongly resembles certain bistratified and 
tristratified ganglions, and also diffuse ganglions, found by Ramon y 
Cajal in the retina of birds and some lower vertebrates; although in 
Primates it is of a less regular stratified build. 

The third ganglion variety (0, figs. 9, 10 and 11) has a small body 
and a few thin dendrites of considerable length spreading mostly hori- 
zontally and dividing little. It is sparsely scattered in regions III and IV 
and is somewhat more frequent in the macula and the fovea. Its synaptic 
relationship is with the e and f bipolars, probably also with others. 

The fourth variety, the garland ganglion (/, fig. 9), also has only 
a few dendrites, but thicker, longer and dividing more than in the 0 
variety, often with numerous secondary and tertiary twigs resembling 
hanging moss. It is synaptically related to the e, f, g and h bipolars, 
possibly also to the d bipolars. It is present in the retinal periphery 


and in the macula, probably also in the foveal slopes, where it is much 
reduced in size. 
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Fig. 10.—Adult chimpanzee: so-called amacrine cell (/) ; diffuse ganglion cells, 
including parasol ganglions (m), shrub ganglion (”) and small ganglion with 
loose dendrites (0); individual midget ganglions (s), and so-called exogenous or 
centrifugal fibers (t); drawn ad naturam at X 450; reproduced at X 300. The 
layers are designated as in figures 11 and 12. All the elements are from the 
macula. Note the moplike loose expansions in / touching the eighth layer; the com- 
pactness and small size of the dendritic tree-tops of the m ganglions compared 
with those from regions outside the macula (m, fig. 9); the characteristic loose 
dendrites of »; the small number, thinness, length and distribution of the dendrites 
of o; the extraordinarily reduced dimensions of the dendritic tree-tops, the length 
and the vertical course of the main dendrites, the position and the size of the 
bodies of the individual midget ganglions (s). Compare these features with the 
same features in s ganglions from regions outside the macula in figure 9. Note 
the terminations of the ¢ fibers in the seventh layer. 
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The fifth variety, the giant ganglion (7), conspicuous because 01 
the size of its body and the thickness of its dendrites, is the only variety 
that seems to be confined to a particular region, especially IV. It might 
be questioned whether this is an independent variety or merely a large 
edition of the parasol ganglion (m, fig. 9C). 

Individual Ganglion Cell—The group of the individual ganglion 
cells is represented by a single variety, the midget ganglion (s, figs. 4, 
9, 10, 11 and 12). These ganglions—excepting the o variety—are 
the smallest of all ganglions in the retina of Primates, being conspicuous 
because of the restricted territory of their dendritic expansions, their 
uniform size and shape and their great number. One’s impression is 
that in the retina of monkeys and apes most of the ganglions belong to 
this variety. This is almost certain in the macular region (I and II), 
where absolutely and relatively the midget ganglions are in the majority 
(fig. 10). 

In particular, the oval, pear-shaped or short spindle-shaped body has 
a bipolar appearance and is usually placed anywhere in the eighth layer; 
only rarely it is displaced in the lowermost zone of the sixth layer (s, 
fig.9 D). The smallest midget ganglions reside in the macula (s, fig. 10), 
the same variety gradually increasing in size toward the retinal periphery 
(s, fig. 9). From the scleral end of the body usually a single slender 
main dendrite arises. This dendrite varies greatly in length; it also 
changes somewhat in thickness along its course, and, especially when it 
is long, it may be mistaken for an axis-cylinder with its varicosities. 
The axis-cylinders arising from the vitreal ends of the midget ganglions, 
one to each cell, are delicate and join the layer of the optic nerve fibers. 

As a rule the main dendrites ascend straight into the inner plexiform 
layer (7), where each divides into a few short twigs producing a single 
compact tiny tree-top, nest or basket that is more restricted in size 
than is the dendritic tree-top of any of the diffuse ganglion varieties 
(m,n, 0, pand r). In the macula the width of the tree-top barely equals 
that of the cell body. The dendritic tree-tops of all midget ganglions—in 
a way similar to that of the teledendrons of the cone bipolars (h) with 
which they articulate—are all placed at two levels of the inner plexiform 
layer (7): either close to the sixth or close to the eighth layer. It is 
important that with the exception of a few midget ganglions in the 
retinal periphery (s-s, figs. 11 and 12) by far most have each a 
single dendritic nest, and further, that these nests are usually separated 
from each other by minute yet distinct intervals. There is, accordingly, 
neither a direct contact nor an overlapping of the dendritic expansions 
of this ganglion variety with its own kind. However, such an over- 
lapping is present with respect to the diffuse ganglion varieties ; that is, 
the dendritic s territories are being overlapped by the dendrites of the 
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Fig. 11—Adult macaque: rod spherules (a); cone pedicles (b); horizontal 
cells (c); diffuse bipolars (d, e and f) ; individual midget or cone bipolars (h) ; 
a freakish bipolar (h-d); so-called amacrine cells (k and /); parasol ganglions 
(m); giant amacrine cell (m?), which probably is a displaced parasol ganglion 
(m); a hybrid between an m and an s ganglion (m-s); a small ganglion with 
horizontal dendrites (0); individual or midget ganglions (s); midget ganglion 
with two dendritic tree-tops (s-s). This figure is not a scheme but represents a 
collection of freehand drawings of structures of the macula taken mostly at random 
irom a few sections of the same series. Most of the synapses and groups of cells are 
accurate copies of structures seen, although drawn in a half-schematic way; a few 
others were adjusted so as to correspond with the natural position of structures 
of the same type seen elsewhere. Note the synaptic and group relationships, 
overlapping or the absence of it, the presence of an individual synapse between 
b and h and between h and s, and other details. 
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diffuse ganglion cells. In the macula especially the midget ganglions 
are distinguished by. the uniform size of their bodies and of their tree- 
tops and also by the regularity of their distribution, thus resembling 
a nursery of young fruit trees. 

The synaptic relationships of the midget ganglions are no less 
remarkable. Each dendritic nest or tree-top of the midget ganglion 
envelops with its minute twigs the knotty teledendron of a single 
individual or cone bipolar (h) producing what was called by Ramon 
y Cajal cog synapse or joggle synapse (synapse par engrenage; several 
are depicted in figs. 11 and 12). Thus the individual synaptic relation- 
ship between the s ganglion and the h bipolar is established, the second 
individual synapse in the Primate’s retina (the first being the synapse 
between the cone and the / bipolar). In this way the cones are indi- 
vidually related to the cone bipolars and with their help to the midget 
ganglions. This settles the problem of long standing as to whether or 
not in the retina and in the nervous system in general there are individual 
or so-called point-to-point or one-to-one relationships between the 
neurons, such having been mostly doubted or denied (thus lately by 
Adrian and Matthews). Yet the described monosynaptic relationship 
with the h bipolars is not the only one, since simultaneously the s gan- 
glions are related to the diffuse bipolar varieties (d, e, f, also probably g), 
which considerably increases the complexity of the interneuronic relation- 
ships of the retina. 

Strangely, the midget ganglions of the classification given here have 
never been described before, which is probably due to the fact that 
because of a widespread aversion to the Golgi method the central region 
of the Primate’s retina (including the human retina) never was examined 
with the help of the mentioned procedure. True, the popular assumption 
was that the macular ganglions were small. But, while this is in general 
true, it is evident that the diffuse ganglion varieties (which, with the 
possible exception of the giant or r ganglions alone, are all coexistent 
with the midget ganglions in the macula) are here also small, and the 
mere size of the bodies, therefore, does not tell anything about the 
synaptic particularities. It is remarkable that H. Miiller (1857) saw 
and depicted a small ganglion cell of the human macula resembling 
the s ganglion, a discovery that was subsequently lost. Merkel, Schultze 
and Borysiekiewicz believed all macular ganglions had a bipolar shape. 
Neither was this defective and confused presentation materially clarified 
by Tartuferi or Dogiel. Even Ramon y Cajal did not give so much 
as a hint as to the presence of midget ganglions such as I have described. 
The small ganglions seen by him in the bird’s fovea more closely 
resemble the m ganglions, others perhaps the or p ganglions described 
here, all merely reduced in size. Nor did the subsequent investigators 
give any indication of the presence of the midget ganglions in the 
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Fig. 12—Adult macaque: (except the i amacrine, which is from a chimpan- 
zee): diffuse bipolars (d, e and f); individual midget or cone bipolars (h); a 
midget bipolar of a peripheral type with two bouquets (h-h) ; an “amacrine” cell 
with an ascending expansion (7); parasol ganglions (m), one displaced into the 
sixth layer (Dogiel’s ganglion cell) ; shrub ganglions (nm); individual or midget 
ganglion (s); a midget ganglion with two dendritic tree-tops (s-s). Most of the 
synapses and groupings of cells, as in figure 11, correspond with structures actually 
seen in preparations but somewhat simplified. The drawing in fact represents a 
collection of natural groups of cells; thus from left to right in the upper drawing 
are d-e-n-s, d-f, h-n and h-s; in the lower drawing, e-e-e, h-f-d-d; h-e-s-h, h-s, e-m 
and f-s. Note especially the individual synapses between h and s, the “amacrine” 
cell with an ascending process resembling an axis cylinder (7), the dendritic nests 
of the » ganglion on the left and of the s-s arranged at two levels for the accom- 
modation of teledendrons of the h bipolars given in outlines, the axis-cylinder of 
a displaced m ganglion descending to the ninth layer, the reciprocal overlapping 
of the dendritic tufts in the diffuse (d, e and f) but not in the individual (/) 
bipolars, and the similar overlapping of teledendrons in the three e bipolars, and 
other details. 
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retina—the elements that together with the cone bipolars (h) and with 
the cones (b) are unquestionably the most important for spatial dis- 
crimination in vision. 

NEUROGLIA 


The supporting framework of the retina is chiefly composed of the 
radiated “fibers” of H. Miiller (w), which are modified neuroglial cells. 
Besides, there are other neuroglial elements present which in aggregate 
can be designated as accessory neuroglia, viz.: spongioblasts or neuroglial 
amacrines (v) and typical astrocytes (*#). Whether or not the retina 
harbors also oligodendroglia and microglia is not certain. 

Radiated or Miiller’s “fibers” (u) are not fibers or fibrils in the 
ordinary sense of the word but are full-fledged neuroglial cells arranged 


- radially. (Because of the limited space it is not possible to illustrate 


this important structure properly; the few scattered details pertaining 
to the u fibers are found in figs. 1, 3, 4 and 6.) The body of each 
“fiber” contains a nucleus in the sixth layer, with its cytoplasmic expan- 
sions enveloping neuroglial fibrils stretching to both limiting membranes 
(scleral and vitreal pillars). 

Specifically, both limiting membranes are the juxtaposed upper 
and lower ends of the radiated cells (contrary assertions of Fortin and 
Stricht are in no way borne out by facts). The outer limiting membrane 
is perforated by openings most of which are faintly hexagonal, smaller 
ones for the passage of rods, larger ones for that of cones; outwardly 
it carries spines which form Schultze’s “fiber-baskets,” which are also 
ipresent in the fovea. In the very center of the fovea the outer limiting 
membrane dips somewhat vitrealward, producing an outward depression 
called outer fovea (fig. 1 B). 

In the outer nuclear layer the cytoplasm of each of Miiller’s radiated 
cells thins off into very delicate membranes reenforced by intraplasmatic 
fibers or fibrils (primary, secondary, etc.). With the help of these 
thin membranes each of Miller’s cells forms several sockets, either 
complete or made complete by joining with its neighbors, larger sockets 
being for the bodies of the cones, smaller for the rod nuclei. The number 
of the sockets to each Miiller’s cell decreases in the fovea. The sockets 
inclose completely and thus separate from the others each of the outer 
“nuclei.” (The thin walls of the sockets are reenforced by fibril-like 
ribs forming a fine filigree which very much resembles the pericellular 
Golgi reticulum.) Exactly the same arrangement is found also in 
the inner nuclear layer and in the layer of the ganglion cells (fig. 4). 

The outer and inner rod fibers and cone fibers are also individually 
completely incased in tubelike formations produced by Miiller’s cells. 
an observation which is particularly clear in the outer fiber layer of 
Henle (5a); naturally, the enveloping neuroglial sheaths and _ tubes 
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possess the same course or slant as do the nerve elements, which varies 
from layer to layer. (Fortin without bothering about evidence denied 
the presence of Miiller’s “fibers” in the layer of Henle, 5a; compare 
the few delicate Miller’s “fibers” depicted in fig. 1.) 

In the middle zone of the outer plexiform layer (5b) each Miiller’s 
cell produces a few tiny sockets which incompletely envelop the rod 
spherules and cone pedicles. These sockets are open on their vitreal 
sides (facing 5c) and are partly lacerated at their lateral sides—points 
where all of the synaptic contacts with the bipolars and horizontal cells 
take place. In zone 5c a number of short side-expansions are given off 
by each of Miller’s cells or pillars (u, fig. 6D) producing a dense neu- 
roglial meshwork with free passages for the expansions of the nerve 
cells proper. 

Inwardly from its nucleus each Miiller’s cell continues either as a 
single pillar or it divides into several pillars. Most of these extend down 
to the inner limiting membrane; others terminate freely in the seventh 
layer or nearby; still others may be attached to the walls of the blood 
vessels. However, all of the pillars whether passing through or term- 
inating in the seventh layer give off here a great number of side- 
expansions and appendages similar to but longer, coarser and more 
numerous than those in zone 5c (u, figs. 3A and 4B). In this way 
the neuroglial expansions produce in the inner plexiform layer an 
extremely dense felting with passages and corridors for the expansions 
of the nerve cells proper. (This invalidates the opposite assertion of 
Police that the « fibers do not possess lateral expansions; his error is 
evidently due to the inability of the method applied by him to demon- 
strate the glioplasmatic expansions.) Even in the layer of the optic 
nerve fibers Miiller’s pillars give off a considerable number of ragged 
excrescences and sheets which usually have a horizontal course and 
which might very well serve to insulate the nerve fibers (several are 
seen in fig. 4B). The vitreal ends of Miiller’s pillars usually divide 
and expand somewhat conically before they join to form the inner 
limiting membrane. Inwardly from their vitreal ends nothing remains 
that could possibly be regarded as a separate limitans interna. 

Miiller’s cells or “fibers” are present in a solid formation in all 
regions of the retina, including the macula (II) and the fovea (I), 
although in the latter regions they are more delicate (fig. 1 B). Even 
in the very center of the fovea the presence and comportment of Miiller’s 
cells are in all details essentially the same as in the peripheral regions; 
the contrary assertion (Fortin) is without the slightest factual basis. 
Another long-standing erroneous belief already refuted by H. Miiller 
and again invalidated by the present investigation is that each Miiller’s 
“fiber” together with one of the photoreceptors forms a special receptor- 
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conductor unit (thus Police); even a superficial examination shows 
too great a discrepancy between the number of photoreceptors and the 
number of Miiller’s cells. 

Finally, the question whether or not in their totality Muller’s cells 
and the rest of the supporting elements of the retina form a syncytium 
is difficult to answer; my observation certainly does not favor such a 
concept. On the other hand, all of my long and careful study definitely 
shows the error of the idea that all nerve cells proper and neuroglial 
elements are merged into a universal syncytial structure, the neurencytium 
(Held 1927 and 1929; Péterfi). This fatal mistake wholly misses the 
very essence of the architectural principles and function of the nerve 
tissue and leads straight into a blind alley. My concept based on the 
study of the minute structure of the fully developed nerve tissue— 
the retina—favors the idea that the supporting neuroglial structure 
forms an almost sealed honeycomb in the tiny compartments of which 
the individual nerve cells and their processes repose. This honeycomb, 
open only at the points of synapses, serves chiefly the purpose of insula- 
tion—besides the mechanical role as a frame for the nerve elements 
proper—and very likely also has a nutritive function. In the final 
analysis, it is this role of the neuroglia as an effective insulator that 
guarantees the spreading of the nerve excitations along the preformed 
stable nerve pathways or channels and through particular synapses. 
It is this insulating role of the neuroglia of the retina which alone 
makes possible 'the complexity and elaborateness of its nervous mass 
in the narrow sense, a role which if not of equal importance is only 
second in importance to the complexity of the retinal nervous mass itself. 


ELEMENTS OF THE RETINA IN GENERAL 


The question to be dealt with here is one of long standing and is 
the same in reference to the retina as to any other part of the nervous 
system. This fundamental problem—of how the nerve cells are related 
to one another and to other non-nervous elements—apparently still 


divides the two hostile camps, the adherents of the neuron doctrine 


and the reticularists, as it always did. In reality it appears as if the 


antineuron tendencies are lately steadily gaining ground. The problem 
might be formulated as follows: Are the nerve cells full-fledged 
morphologic and dynamic units, more or less independent of each other 
and of the cells of other tissues (“neurons” of Waldeyer, Ramon y 
Cajal and others), loosely interrelated by means of the varying types of 
synaptic contacts, thus producing regionally most varied patterns of rela- 
tionships according to particular functional requirements of particular 
portions of the nervous system? Or are the nerve cells merged by means 
of their processes or neurofibrils which indiscriminately pass from one 
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nerve cell into another and even penetrate into neuroglia? In other 
words, is nerve tissue built of more or less independent cells, or are 
all nerve cells, perhaps together with the neuroglial cells, welded into an 
indivisible “continuum,” a continuous network, a syncytium or a 
neurencytium, in which there is no proper beginning or ending, nor any 
clear delimitation of cellular territories, a diffuse, undifferentiated mass 
of the nerve substance that in the final analysis permeates the whole 
organism and is the carrier of the unifying activity of the “individual,” 
as was or is the contention of Golgi, Apathy, Bethe, Nissl, Held, 
Bielschowsky, Péterfi, Tiegs and other early and modern reticularists ? 
Obviously, on the solution of this problem will depend what concept 
of the functioning of the nerve tissue, of how the nerve cells work 
together in order to bring about the complex acts of correlating the 
non-nervous parts of the body, can be adhered to. 

Answering the questions, it will suffice for the present to state 
with all brevity that I have never found anything in the retina that 
could by any stretch of the imagination be interpreted as nervous net- 
works or anastomotic bridges between the nerve cells, and the like, 
described by Dogiel, Tartuferi, Greeff, Bielschowsky, Bielschowsky and 
Pollack, Embden, Baquis, Held, Bartels, Uyama and others. The nerve 
cells have always been found to be well defined cellular units, each with 
its body and its own expansions organically different from those of 
other nerve cells and of neuroglia. The individual nerve cells are always 
related to one another by means of the contact of their expansions alone 
or by the contact of the expansions with the surfaces of the cell bodies. 
Because of this the often expressed view that the two plexiform layers 
of the retina are a true neuroreticulum made up of a multitude of 
anastomosing processes of the nerve cells (Tartuferi, Dogiel, Baquis, 
Held, Marenghi, Bielschowsky, Uyama et al.) must be considered a 
gross mistake. In these considerations it is wholly immaterial how 
intimate the synaptic contacts between the nerve cells are, whether they 
are merely loose, easily dissolvable linkings or more firm adhesians and 
concrescences or some even closer arrangements. Some degree of 
independence or individuality is very likely preserved in the majority, 
perhaps in all, of the relationships. It does not matter, also, that the 
degree of the dependence or independence of the related neurons varies 
in different systems within extreme limits, all the way from virtual 
independence (when the damaged neurons of a nucleus degenerate 
leaving the immediately adjoining but not damaged nerve cells of the 
same nucleus perfectly intact) to such intimate relationships that even 
the very existence of one neuron depends on the normal life of another 
neuron synaptically correlated to the first (transsynaptic or antigrade 
degeneration, for example). This is a sufficiently elastic concept of the 
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neuron to fit all the varied exigencies of the actuality as found in con- 
crete observation. All the rest, the whole concept of the ancient and the 
modern reticularists, the idea of a continuous neuroreticulum, of a rete 
nervosa diffusa, of a nervous continuum, of an all-pervading neuro- 
fibrillar network, of an elemental nervous reticulum, of a nervous gray 
substance existing per se, of an enigmatic neuropile and what not, but 
above all Held’s fantastic idea of a universal nervous-glial neurencytium 
—all so subtly and obtrusively presented in recent years although never 
proved by clear material evidence—is to be considered in the light of 
my experience as a blunder which in these modern days appears incred- 
ible, and the value of which even as a corrective to the exaggerations 
of the ultraneuronists appears nil. In the light of the present experience 
not a single instance may be cited against the concept that the whole 
nerve tissue proper is composed of neurocellular units—the neurons— 
and their expansions, related to each other synaptically. There has 
also been very little in disagreement with another corollary of the neuron 
doctrine, which assumes that each nerve cell is functionally differentiated 
in such a way that its dendrites or the surface of its body serve as 
receptors of the extraneous stimulations and transmit these either 
by way of the bodies or, by avoiding the latter, directly to the axis- 
cylinders and their teledendric ramifications (axipetal polarization—thus 
one s ganglion in fig. 10.4, and also the first d bipolar and the last h 
bipolar in the upper drawing fig. 11) wherefrom they may be transmitted 
synaptically to other neurons or effectors (dynamic polarity of the neu- 
ron). This—and nothing else—is what one learns from num- 
berless excellent Golgi preparations of a fully mature nerve 
tissue of a high order with perfectly clear details open to 
examination with all optic systems available. In opposition to 
Bielschowsky (1928), Held, Péterfi and others, I believe it is 
the concept of the independence or morphodynamic individuality 
of the neuron together with its dynamic polarity which in the last 
analysis enables one to understand why and how essentially the same 
nerve cells by varying in this or that of their structural and biochemical 
details produce countless patterns of histologic relationships which 
alone can account for the multiplicity and complexity of the functional 
manifestations of the nervous system—in this case, of the retina—a 
problem for which the doctrine of the continuous nervous nettings or a 


neurencytium has not been able to give even a tentative rational 
explanation. 


FUNCTIONAL INTERPRETATION OF RETINAL STRUCTURES 


From the preceding description of the factual data it is clear that 
one is still far from being able to give an all-embracing explanation 
of the retinal structures in terms of visual phenomena, or vice versa. 
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On the contrary, the present study reveals an unexpected complexity 
of the inner structures of the retina which places this organ above the 
rank of a mere peripheral receptor; this seems to make the whole 
problem even more difficult. It is just, then, to state that not before 
the retinal structures—especially the synapses—are all known in detail 
can the final goal be reached. Yet the present study forces certain 
ideas on the student even as a hypothetic attempt to understand the 
functional significance of certain sets of retinal neurons and their 
relationships, some of which I shall presently discuss. 

The first function to be considered, although only in its most 
important aspects, is the spatial discrimination o1 localization in visual 
acts. The explanation of this in terms of retinal structures appears least 
hazardous. If one accepts as fact, as has been customary since H. 
Miiller’s interpretation in 1854, that somewhere in the bacillary layer (2) 
the visible portion of the physical light elicits a specific corresponding 
nervous process subjectively experienced as light, the question of visual 
localization is reduced to the problem of whether or not and to what 
degree the retinal mechanisms permit a discrete reception and a separate 
conduction of the individual, territorially restricted nervous excitations 
from their origin in the rods and cones through the substance of the 
retina and as far as the brain. The answer to this query in the light 
of my present investigation is affirmative. Some of the anatomic struc- 
tures shown indicate this: The excitation from a particular cone can 
pass to the related midget bipolar and from this by means of the related 
midget ganglion can reach the brain as a locally distinct excitation 
different from the excitations originating from all other points of the 
retina. Even the excitation of rods very likely preserves a considerable 
degree of local values or local qualities, although less than excitations 
of the cones, chiefly because the rods are connected with the bipolars 
and ganglions not individually but in groups. This spatially organized 
mechanism, however, achieves the highest degree of perfection only in 
the fovea, where its elemental units are the most minute; outside the 
fovea toward the retinal periphery it gradually becomes cruder. All 
this is in accord with the variation in visual acuity beginning from 
its peak corresponding with the visual axis and decreasing to zero in the 
distant periphery. The insulation of the single nerve cells and their 
processes wrapped in shells and tubes produced by the neuroglia lends 
itself to a similar interpretation. For in this way the excitations of 
the nerve cells do not spread in a haphazard way but follow definite 
courses which, if one considers the functional purpose of the organ 
of vision, can readily be understood. 

Yet it is clear, as I have tried to show, that the retinal mechanism 
is not so simple as that. The foremost and the most impressive of the 
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many presently disclosed observations—and directly at variance with 
the current views—is the fact that both the monosynaptic and the 
polysynaptic sets of neurons are not limited to particular regions but 
intimately intermingle with each other throughout the greater part of 
the retina, including the macula and fovea. The complexity of the 
retinal mechanism increases further by reason of the addition of another 
set or sets of neurons the probable function of which is to transmit a 
portion of the common excitation of the rods and cones to the surround- 
ing regions of the retina not directly affected by the extraneous factors. 
In this sense the horizontal cells and some of the amacrines have 
to be interpreted. Such lateral influencing or diffusion of the excita- 
tions in the retina is possibly responsible for some phenomena that 
could be termed secondary. (The complexity of the whole problem 
and limited space make it impossible to go into further details on this 
occasion. ) 

The second problem to be discussed is the double function of the 
retina. From the aforementioned observations it seems fairly plausible 
that the two distinct retinal mechanisms, the one supposed to be instru- 
mental in photopic vision and connected with the cones, and the other 
thought to be subservient to the scotopic vision and connected with 
the rods, are, at the second neuronic level (bipolars) and even more 
at the third level (ganglions), not completely separated from each 
other. One reason for thinking this is the obvious fact described in 
foregoing sections of this article that the same d bipolars are being used 
as transmitters or mediators for impulses picked up by either the 
cones or the rods. This is not necessarily detrimental to the theory 
of Schultze, Parinaud and Kries, since a possibility of the function- 
ing of the same d bipolars at different times as mediators either of the 
cone excitations or of the rod excitations still remains, while naturally 
even the third possibility is to be envisaged in which under certain 
conditions the d bipolars act as a common pathway for both rods and 
cones. 

The third problem concerns the perception of colors. It appears 
fairly certain that all the attempts made to discover several varieties 
of the cones have remained fruitless, at least as far as the retina of 
the higher vertebrates is concerned. Even theoretical considerations are 
opposed to such an assumption. This makes the analytic function of the 
cones in color vision highly improbable. Yet such an analysis could 
very well be the function of the neurons composing the more inwardly 
placed links of the afferent visual pathway. Here one thinks in the 
first place of the several distinct varieties of bipolar cells. It is there- 
fore intriguing to examine which of the chief hypotheses of color 
vision might best fit in with the newly revealed anatomic facts. One 
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may examine first the three-component hypothesis of Young, Helmholtz 
and Maxwell. This hypothesis presupposes in the retina three distinct 
varieties of fibers or, in another variant of this hypothesis, three 
processes that are thought to be perfectly independent of one another. 
Each fiber or process while responsive to the entire visible spectrum 
reacts chiefly to one of the three principal colors: red, green, violet 
or blue. In search for the three fibers one might easily be induced to 
consider the three distinct bipolar varieties as the three analyzers. 
The function of each analyzer is, then, to pick or select from the same 
‘common source (cones) that share of the excitation to which it has 
been made particularly responsive in consequence of its synaptic and 
its physicochemical organization. The three bipolar varieties (d, e-f-g. 
and h) one may well get if one eliminates the g variety, which is very 
likely merely a local freak and otherwise rare, and further if one con- 
siders the similar e and f bipolars as one variety. (A like reasoning 
may be applied to any of the modifications of the three-component 
theory, for example, to that recently proposed by Roaf.) The three 
bipolar varieties may well be satisfying even if one adheres to the 
hypothesis of the opponent colors of Hering or to a similar explanation 
of color vision. For here each bipolar analyzer can be imagined to be 
a carrier of one of the three basic double processes of assimilation and 
dissimilation presupposed by Hering’s hypothesis, corresponding with 
the sensations of black and white, of red and green or of yellow and 
blue. Or else, if one eliminates the analogous black-white process from 
the rank of a process that has its own independent material substratum, 
there remain four single basic processes underlying the sensations of 
red, green, yellow and blue. To endow each with its own special selector 
or analyzer one has to accept the e and f bipolars as independent varieties, 
which brings the number of the analyzers to the required four. In any 
event, one can confidently rule out the assumption of the presence of 
only two bipolar varieties (Ramon y Cajal, since his giant bipolars 
would in any case be only a variation of the cone bipolars) or of six 
(Ebbecke, if I understand this author correctly). Whatever the proba- 
bility, it is clear that if the afore-exposed view is correct one has to 
expect some difference in acuity in different lights because of the 
different size of the dendritic tufts and therefore of the different 
Synaptic numerical relationships of each bipolar variety to the photo- 
receptors; the greatest acuity will be present in that light or lights— 
whichever this is—whose corresponding excitations are transmitted 
by the way of the h bipolars. 

Still another possibility remains: The attempt just made to explain 
the structures of the retina in accord with the theory of color vision 
proposed by Young and Helmholtz, or with that by Hering, may not 
stand in the light of future facts. Perhaps it will be found that none 
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of the many extant hypotheses of color vision do more than touch the 
surface of the phenomena whose real underlying anatomic, physical 
and chemical causes are at this time not even suspected. But even then 
the mechanism of the retina described on the preceding pages may serve 
as a basis for a theory of color vision that will finally be found most 
satisfactory. 

Be this as it may, and whichever hypothesis of color vision is finally 
found to be the most probable, it is permissible from the present 
observations to declare—in very general terms—that the structural facts 
so far disclosed are not opposed to the basic idea of some degree of 
analysis and of separation of different visual excitations or qualities 
from each other and their separate conduction to the central organ. 
The emphasis in this analyzing process must be put on the second 
link or level of the chain of visual neurons, the bipolars, and not so 
much on the photoreceptors themselves. Moreover, a certain measure 
of blending of the separate excitations or qualities higher in the afferent 
visual system is a matter of a high degree of probability. 

In any event, there is little doubt that’ for any further correlation 
of structure and function of vision a more complete knowledge of the 
structural, especially the synaptic, organization of the retina is needed, 


which alone can afford a firm footing for the first. No mean task even 
for the best and most patient! 


SUMMARY 


The retina of the adult rhesus monkey and that of the chimpanzee 


were studied with the help of the method of Golgi. The most important 
results are: 


1. There is one variety of rods (a) and of cones (b) present 


throughout all regions of the retina, although morphologic details vary 
from region to region. 


2. There is also only one variety of the horizontal cells (c) present 
in the retina, greatly varying in dimensions depending on the region. 

3. Of the bipolar cells there are present three fundamentally different 
varieties, to be subdivided into two groups: the two polysynaptic or 
diffuse bipolars (d and e-f-g) and the one monosynaptic or individual 
bipolar (h). The d bipolars are synaptically related both to rods and 
cones (common rod-cone bipolar) ; the e-f-g bipolars are related certainly 
to cones, possibly also to some rods; the h bipolars are related to the 
cones alone, in the macula and its proximity mostly singly (individual 
cone bipolars). All bipolar varieties are present side by side every- 
where in the retina including the macula and fovea, although in a some- 
what different numerical proportion. The dendritic territories and thence 
the related groups of the photoreceptors are not sharply separated from 
one another in the diffuse bipolars, but are so in the individual ones. 
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4. There are, so far, three varieties of the so-called amacrine cells 
(i, k and 1), distinguished by the great variation of their appearance ; 
one (i) possesses a scleral process resembling an axis-cylinder terminat- 
ing in the outer plexiform layer. 


5. Six varieties of the ganglion cells can be divided into two groups: 
the diffuse (m, n, 0, p and r) and the individual or midget ganglions (s). 
The dendrites of the first reciprocally overlap, while those of the s gan- 
glions are separated by distinct intervals. All ganglions—with the pos- 
sible exception of the r variety—are present in all regions. In the 
macula all varieties are small, and here the s variety predominates 
numerically. The synaptic relations with the bipolars show great 
complexity: thus the h-s relationship is mostly individual or monosyn- 
aptic; diffuse ganglions are polysynaptic, each being related to a number 
of bipolars of several varieties. 

6. Miiller’s radiated “fibers” or cells are present in all regions of 
the retina including the macula and the very center of the central fovea. 
They produce a complex honeycomb which represents a practically 
sealed insulating system in the sockets and channels of which the count- 
less nerve cells with their processes repose. This insulating system 


is open only at the points of synapses, where alone contact between 
individual neurons is possible. 


7. The concept of the neurons—the anatomically and dynamically 
more or less independent individual nerve cells of which the entire 
nervous system is built—has been fully confirmed. 


8. The functional implication of the retinal structures may be that 
the emphasis as regards “analysis” of excitations should be on the second 


neuron (the bipolar) rather than on the photoreceptor in attempts to 
explain color vision. 
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Clinical Notes 


A DEVICE FOR THE DETECTION OF MALINGERERS 
L. H. Scuwartz, M.D., New Yorx 


I wish to present to the medical profession a new device for the 
detection of malingerers who claim impairment of eyesight. 

The apparatus consists of a face or head-rest (R) mounted on an 
adjustable floor-stand (S) which can be raised or lowered as required. 
At right angles to the upright thereof is a horizontal extension arm (H) 


























Two views of malingering device. 


which carries a narrow mirror (M). This looking-glass is mounted 


on a vertical arm (V) with a swivel joint (J) to permit backward 
inclination if needed. Below the mirror is a protractor (P) which 1s 
fixed to the vertical arm. 


or indicator (J) which rotates with the mirror as this is turned to the 
right or left. 


a hand-nut (N) for fixing the glass at any desired degree on the pro- 
tractor. 


Immediately over the protractor is a pointer 


Above the pivotal bar (B) on which the mirror turns is 


This mechanism is used as follows: Two reverse Snellen charts 


The distance between them should be 4 feet 
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(1.2 meters) or more. The apparatus is then placed in front of the 
charts at a fixed distance, so that the Snellen letters reflected in the 
mirror may be read on the basis of a 10 or 20 foot (3 or 6 meter) 
numerator. The subject is seated with his head set in the rest, looking 
into the mirror, his back to the charts. By rotating the mirror to the 
right or the left, either chart can be brought into view in such a manner 
that it is seen with either the right eye or the left eye only, as desired. 
The most satisfactory results are obtained when the charts are so placed 
on the wall that when the subject sees his sound eye in the mirror, he 
can read only with the supposedly affected eye, and vice versa. Before 
starting the test on any person it is necessary to note the point on the 
protractor to which the mirror must be rotated and fixed in order to 
have the person being tested read chart 1 first with the right eye and 
second with the left eye; the apparatus is set similarly for reading 
chart 2 with either eye. 

When I wish to test a person whom I suspect I usually have him 
read the Snellen charts in the regular way and note the findings. Then 
I have him sit down at this malingering device and read a different set 
of Snellen charts. As a rule, in less than five minutes I have deter- 
mined not only the admitted vision in each eye but also the actual visual 
acuity. 

Every ophthalmologist is familiar with numerous methods for 
detecting malingerers. The principal and only advantages of this 
device are the extreme simplicity, ease and rapidity with which the 
results are obtained in Snellen figures. I have to date tested scores of 
subjects, and not one has been able to “beat” it. The subject should 
be instructed to keep both eyes open all the time; under no circum- 
stances should he be permitted to close one eye, nor should he be 
allowed to turn the face from side to side. 

Recently, a colleague called my attention to a somewhat similar test 
devised by Friedenberg. On examination, I found that his apparatus, 
though based on exactly the same principle as the one here described, 
is nevertheless different in that the former is a hand device which 
appears to be designed to give the results for near vision according to 
Jaeger’s charts only. 
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Epitep BY Dr. Francis HEED ADLER 


BIOCHEMISTRY OF THE EYE 


A. C. KRAUSE, M.D. 
CHICAGO 


Numerous contributions have been made to the literature of ocular 
chemistry since the publication of “The Biochemistry of the Eye.”? It 
seems desirable to review this ever expanding subject from the time 
covered by that publication until the present time and’ to correlate as 
many of the new facts as possible. 


Superficial critics have often suggested that only a few of the innu- 
merable papers on ocular chemistry will be of permanent value, but 
they forget that progress is made by the cumulative effects of many 
workers, each adding his bit of information. Although many observa- 
tions seem trivial or confirmatory, they aid in filling in the multitudi- 
nous details of the complex chemical picture of the eye. 


GENERAL OBSERVATIONS 


The nature of one type of exophthalmos was explored by Marine 
and his co-workers. Marine?” found that methyl cyanide causes 
exophthalmos in normal and thyroidectomized animals. He ** suggested 
that cyanides, by inhibiting metabolic processes, stimulate the hypothal- 
mic centers. The thyrotropic hormone which is thus produced in turn 
stimulates the thyroid gland and the sympathetic center in the midbrain, 
causing exophthalmos. Loeb and Friedmann * produced exophthalmos 


From the Division of Ophthalmology, Department of Surgery, the University 
of Chicago. 
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by injecting an acid extract of the anterior lobe of the pituitary gland. 
Evidently, protrusion of the eyes may also occur in rats subsisting 
on a diet deficient in minerals.* 

The significance of the lipids in a pathologic ocular condition is 
practically unknown since their physiologic activity is comparatively 
obscure. Santonastasco® and Cantonnet ® reported notably high values 
for the blood cholesterol in many unrelated ocular diseases. Michael 
and Nicholas* found a disturbance of the distribution of blood lipids 
and an abnormal tolerance toward fat in five patients with xanthelasma. 
Klenk showed that Niemann-Pick’s disease is characterized by deposi- 
tion of a phospholipid, called sphingomyelin, and Gaucher’s disease, by 
a cerebroside, called kerasin. Epstein *® attempted to connect the patho- 
logic chemistry of the lipids of Niemann-Pick disease with that of 
infantile amaurotic idiocy of Tay and Sachs. 

By means of a new chemical method, Schmidt ® estimated that the 
tabbit’s eye contains 4.6 per cent blood. 

During the growth of the eye, the ratio of potassium to calcium 
is diminished.t° This change commonly occurs in most tissues in which 
the ratio of the mass of nuclei to the mass of cytoplasm is decreased 
with age. 


The eyes are not affected by vitamin E deficiency." 
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EXTERNAL SECRETIONS 


The tears play an important minor part in the economy of the con- 
junctiva and cornea. In tears, an enzyme, known as lysozyme, is present 
which is bacteriostatic and bactericidal to many kinds of pathogenic 
bacteria.1* Meyer and his collaborators ** discovered that it is a muci- 
nase or enzyme which splits off carbohydrates from mucin and mucoids, 
and that its bacteriolytic action is an incidental property. Venco™ 
confirmed the previous observations that the amount of lysozyme in 
the tears decreases in epiphora and diseases of the conjunctiva. 

The concentration of sodium chloride in the tears is easily influenced 
by many conditions. After ingestion of sodium chloride,** in chronic 
conjunctivitis ** or after instillation of atropine into the conjunctival 
sac of the normal eye,’’ the sodium chloride of the tears is increased, 
while it is decreased in acute conjunctivitis ?® or after instillation of 
pilocarpine hydrochloride into the normal eye.?’ 

Freud ** found that in rats acetylcholine produces a hypersecretion 
of tears which are tinged with blood. Parasympathetic irritation results 
in a diapedesis of blood in the conjunctiva of rats. 

Hosford and Hicks’® observed that the conjunctival sensations 
resulting from the instillation of solutions of drugs are more closely 
related to the acidity than to the osmotic pressure of the solutions. 


The secretion of the meibomian glands was studied previously by 
crude histochemical methods. Asahima 2° observed that the secretion 
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consists of free cholesterol, cholesterol ester and fats. He found that 
the glandular infarcts in the saccules are layers of yellow cholesterol 
about a- cholesterol ester nucleus, that those in the tubules are mainly 
white cholesterol ester and that the infarcts are hardened by tears 
through alkaline hydrolysis. He detected no calcium or phosphate in 
the meibomian secretion. 

The harderian gland of the rabbit is divided into a pinkish-gray 
portion, secreting lipid, and a smaller white portion, secreting mucus.” 
The pink part contains about twice as much cholesterol, five times as 
much fat, one fifth as much cholesterol ester and one half as much 
phospholipid as the white part. If the amount of phospholipid may 
be taken as a measurement of activity, the white part is twice as active 
as the pink part.*? 

CORNEA 


The cornea is a convenient ocular tissue which will always be inter- 
esting to study because many of the chemical processes can be correlated 
to the disturbances observed by means of the slit lamp. 

The living cornea emits ultraviolet rays, called mitogenetic rays.** 
Harder ** believed that these rays in the human eye come only from 
the blood, but Gurwitsch *° severely criticized his report. 

Gallenga ?* reported that hypertonic solutions pass more easily 


through the cornea into the aqueous humor than hypotonic solutions. 
The deposits of inorganic substances in the cornea are usually easier 
to identify and to analyze than are those of organic substances. How- 
ever, some of the simple elements have proved most difficult to char- 
acterize. Sallmann ?* expressed the belief that the heavy metal ions 
possess a chemical affinity for the protein of Descemet’s membrane. 
Although a spectroscope was used, Fleischer and Gerlach ** found no 
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silver. in the normal cornea. However, Gerlach ® reported that after 
injection of silver salts was present Gerlach and Rohrschneider * 
detected no silver in a cornea showing a Kayser-Fleischer ring. Accord- 
ing to Rohrschneider,** there is every reason to believe, therefore, that 
the pigment of the Kayser-Fleischer ring is a derivative of hemoglobin. 

Sisson ** found spectroscopically that abnormal corneal tissue in band 
keratitis contains large amounts of calcium and phosphorus. Motegi * 
analyzed the minerals in the ash of corneal leukomas. It differs from 
the ash of normal cornea chiefly in that it contains less sodium and 
more potassium. 

The origin of abnormal amounts of organic substances in the cornea 
is difficult to trace. Rosenthal ** found that arcus lipoides and athero- 
sclerosis occur earlier in the black than in the white race. Arcus lipoides 
is observed to be frequent in young persons who have hypercholestere- 
mia. Evidently, in races and animals which live on a diet containing 
a large amount of fat and cholesterol the cornea tends to accumulate 
cholesterol with age. Wakayama * noted that in rabbits fed on fat 
and cholesterol even the external ocular muscle becomes infiltrated with 
the lipid and in time degenerates. 

Meesmann ** observed that Bence-Jones protein, by infiltration, 
formed punctate opacities and a Stahl line in the cornea of a patient 
who passed this protein in her urine. 

A point of interest which may be related to deposits of substances 
in the cornea is the observation by Sugita *’ that the corneal struma is 
more alkaline than the blood and that the epithelium is neutral or acid. 
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It has been known for two decades that deprivation of vitamin A 
produces xerophthalmia, but the question has been frequently raised 
whether or not all species of animals, especially the monkey, can have 
xerophthalmia.** Hetler *° showed that all laboratory animals acquire it 
with vitamin A deficiency. Mellanby *° studied the effect of this dietary 
deficiency on the trigeminal nerve. Evidently xerophthalmia occurs 
synchronously with degeneration of the ophthalmic division of the tri- 
geminal nerve. The nerve usually shows an annular and not a wallerian 
degeneration and recovers after feeding of the proper diet. If the nerve 
fibers and cells of the gasserian ganglion are affected, partial recovery 
or no recovery takes place. In some species of animals no corneal 
damage develops, and in such cases the trigeminal nerve shows only 
demyelinization. The absence of tears following extirpation of the 
tear glands produces no xerophthalmia but only a reactive inflamma- 
tion.* In vitamin A deficiency, the epithelial cells of the conjunctiva 
tend to become melanoblasts, thus serving as protectors against light.*? 
Hypervitaminosis in rats results in exophthalmos and inflammation.** 

Kihara ** reported that in contrast to the iris, in which both oxida- 
tion and glycolysis of carbohydrate occur, the cornea shows only 
glycolysis. 

IRIS 


During the past few years it has been discovered that on stimulation 
of nerves specific substances that cause a reaction of the muscles are 
liberated. The parasympathetic effect on the iridic ** and ciliary mus- 
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cles ** is again identified with the action of acetylcholine. The final 
action of the sympathetic nerve in the iridic muscles is the result of 
the liberation of epinephrine.‘? In other words, the muscles of the eye 
behave in the same manner as the other muscles of the body. 


OCULAR PIGMENT 


Melanin is the chief ocular pigment. Apparently, all naturally 
occurring animal pigments varying in color from light brown to black 
are varieties of melanin. Bruno * believed that choroidal melanin and 
retinal fuscin are different kinds of melanin. 


More evidence has been presented to show that ocular melanin is 
a melanoprotein and that, by suitable chemical treatment, the protein 
can be changed or destroyed and the residue of colored pigment, also 
frequently called melanin, obtained. Adant *® found that ocular melanin 
(melanoprotein) is organ-specific. He obtained complement fixation 
in experiments with albino, but not in those with colored, rabbits. After 
treatment with reagents which destroy proteins, the residual pigment 
possessed no antigenic properties.®°° 


Melanin is produced by the action of an enzyme, and the action 
may be accelerated or prevented by other substances. The nature of 
this enzyme is practically unknown. Califano * believed that it is simi- 
lar to catalase. Sgrosso *? found that the ocular tissues of albino rabbits 
give no coloration with tyrosine, pyrrole or di-hydroxyphenylalanine 
(dopa), but those of colored rabbits do. He also established that 
the ocular tissues of the former possess greater reducing power than 
those of the latter. However, the presence of cevitamic acid in these 
tissues may protect the melanotic precursors against spontaneous enzy- 
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matic oxidation.** Verrier *° asserted that the functional significance 
of melanotic pigment and visual purple in vision is overemphasized. 

The nonmelanotic pigments are common in the eyes of the lower 
animals. In the eye of the fruit fly there are three pigments: yellow, 
red and brown. The yellow and red form a reversible oxidation- 
reduction system. The brown pigment arises from an irreversible change 
of the yellow.*® The white tapetal pigment of the crustacean eye is 
guanine, which serves a purpose similar to that of the guanine in the 
piscine retina. 

In certain animals, the contraction and expansion of ocular melano- 
phores is produced by hormones. Perkins and Kropp** discovered 
melanophore hormones in the crustacean eye, and Jores ** and Jores and 
Velde,®° in the mammalian eye and midbrain but not in the other organs. 
These hormones are increased in the aqueous humor of rabbits that 
are kept in the dark. Jores ® claimed that if the hormone is instilled 
into the human conjunctival sac the period of dark adaptation is short- 
ened, but Buschke *? was unable to confirm this report. Wissler * 
observed that the migration of melanotic pigment is not affected by 
stimulation of the sympathetic or parasympathetic nerves or by extir- 
pation of the adrenals. 


RETINA 


The retina is a remarkably composite tissue which will require an 
immense amount of intensive and extensive investigation to unfold its 
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physiology and pathology. The elementary nature of the retina is more 
unknown than its complex characteristics. 

Miiller * recorded the dry weight, in percentage of fresh weight, 
of a few mammalian retinas. In the analysis of the retina, the age, 
breed and weight of the animal, as well as the weight of the whole 
retina, should be mentioned, as these factors affect the results. 

The analyses of retinal lipids which have been reported previously 
are incomplete and questionable. Leinfelder and Salit ** and Krause * 
investigated the lipid partition of the retina. Sgrosso *’ noted that the 
retina contains lipase which hydrolyzes the lower fats but not the higher 
ones. 

Lipemia retinalis is seemingly not directly dependent on the con- 
centration of total lipids in the blood. It appears to be evident when 
the blood contains from 2 to 3 per cent lipid and not a fixed amount. 
It would be interesting to discover whether the degree of lipemia reti- 
nalis varies with the concentration of chylomicrons of lipid in the blood. 
Curtis, Sheldon and Eckstein ** believed that a parallelism exists between 
the degree of lipemia and the degree of acidosis and that diabetic lipemia 
is not directly connected with excess of metabolic fat or loss of sugar 
from the body. 

Evidently some kinds of hepatic dysfunction are an insufficient cause 
for chorioretinitis hepatica. Although cirrhosis of the liver and irido- 
cyclitis are produced after injection of manganese chloride, the choroid 
and retina are not affected. 

The pigment derived from hemoglobin in cases of bronze diabetes 
or hematochromatosis is diffusely and uniformly deposited *° about the 
optic disk in the same manner as it is in the skin. 

Magitot ™ studied the subretinal fluid in idiopathic detachment of 
the retina. He identified this fluid as a serous exudate which is formed 


within the retina and is not derived from the vitreous humor or the 
choroid. 
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The knowledge of the retinal metabolism is fragmentary. It will 
take years before the pieces are fitted together to give a connected 
story of the vital retinal processes. Oguchi ** has continued his studies 
on the glycolysis of the retinas of various animals. Toxic substances ** 
decrease and thyroxine in small doses "* increases the consumption 
of oxygen. Evidently, more oxygen is used by a retina in the light 
than by one in the dark.”* Dickens and Greville ** showed that the 
retina, like the brain, depends on oxidation of dextrose and not on 
glycolysis for the maintenance of its respiration. It is unable to attack 
fructose anaerobically."7 Meyerhof and Lohmann“ observed that the 
retina and the brain contain a relatively small quantity of zymohexase, 
an enzyme which breaks hexose-di-phosphoric acid into triosephosphoric 
acid. In the retina and the brain the amount of ammonia which is pro- 
duced is small, but it becomes relatively large in the absence of dextrose, 
indicating that protein oxidation is too slight to affect the respiratory 
quotient.7* The retina therefore depends almost entirely on an external 
source of carbohydrate for the continuance of its respiration. Ingestion 
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of posterior pituitary, epinephrine, insulin or thyroxine affects the 
amount of glycogen in the retinas of rabbits and guinea-pigs.*° 

A definite relationship exists between vitamin A and visual purple. 
A dietary deficiency of vitamin A or its precursors decreases the 
amount of visual purple in the retina. Yudkin, Kriss and Smith previ- 
ously reported that feeding experiments indicate that the pig’s retina 
is rich in vitamin A. However, since precursors of vitamin A, caro- 
tene *' and beta-carotene,*? which behave like vitamin A, have been 
found in the retina, their conclusions must be modified. Vitamin A 
is found in the retinas and choroids of the frog, sheep and cow.** 

Wald,** without giving details, reported that in the frog’s retina, 
vitamin A is formed by the action of light on visual purple. He believes 
that visual purple is a conjugated protein in which vitamin A is the 
prosthetic group. The loss of vitamin A in vision is compensated by 
ingestion of vitamin A or its precursors. Haurowitz ** asserted, how- 
ever, that according to his investigation, there is no reason to believe 
that visual purple is a carotenoid or that by a reaction of vitamin A 
visual purple is formed. The disagreement seems to lie in the lack of 
detailed investigation. 

The recent discovery that vitamin B,, also called G, is a flavine 
and that the Christian-Warburg yellow oxidation enzyme is a flavine 
attached to a colloidal carrier creates an interest in the various papers 
of von Euler and Adler.*® These authors found from 0.5 to 5 micro- 
milligrams of flavine per gram of fresh retina and retinal pigmented 
epithelium of the cow, sheep, rabbit and chicken. In fish, including 
shell-fish, the flavine varies from 0 to 87 mg. per eye, depending on 
the species. It is found in the retina but not in the cornea, vitreous 
humor, choroid or sclera. The greenish-yellow fluorescence in the 
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retinal flavine in the cow on standing changes to blue. The presence 
of either one form or the other of fluorescent flavine in fish may 
explain the blue or green fluorescence of the eyes of fish in the dark. 
These flavines have a vitamin activity corresponding to that of 
vitamin G. 

The study of visual purple has continued, although visual purple 
is still chemically an unknown substance. Hosoya * investigated the 
absorption spectrum of visual purple and visual yellow. Kunita * 
confirmed Hecht’s observation that the amount of bleaching of visual 
purple is dependent on the logarithm of intensity of light. Hecht and 
Chase *® found that visual purple from frogs at the end of their hiber- 
nating period, in bleaching, became yellow, while that of frogs in their 
active period did not. This difference helps to explain the discrepancies 
of earlier investigators. In the fish, as well as in the frog, other 
pigments, which perhaps are carotenoids, distort the absorption spectrum 
of visual purple.°® Grundfest ** advanced more evidence that visual 
purple functions in the cones as well as in the rods, although von 
Studnitz ®? believes that he has shown that the cones possess not visual 
purple but another photosensitive substance. Takamatsu ** observed 
that the optical rotation of visual purple decreases in the light and 
increases in the dark. The Becquerel effect in the visual purple photo- 
chemical process indicates that visual purple is oxidized in the light. 
Kuwana * reported that the regeneration of visual purple is not affected 
by icterus resulting from ligation of the common bile duct. Tansley * 
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found that the regeneration of visual purple depends on normal 
retinal and choroidal circulation. It does not diffuse from the pig- 
mented epithelium to the rods. In vitamin A deficiency in the rat 
and dog, chemical changes occur in the outer limbs of the rods, and the 
production of visual purple is decreased. Pallin®’ was unable to 
confirm the observation of Sugita that in vitamin A deficiency the retinal 
pigmented epithelium possesses an unusual amount of lipids and 
cholesterol esters. According to von Studnitz,®* the cone contraction 
and pigment expansion in the retinas of certain animals result from 
the formation of phosphoric acid which is liberated by the chemical 
reactions in the retina on exposure to light. 

Hartline *° has reported that there is a reciprocal relation between 
the intensity and the duration of the stimulation of a single photoreceptor 
cell, indicating that the photosensory mechanism of the eye has a simple 
photochemical basis to which the Bunsen-Roscoe law may be applied. 


AQUEOUS HUMOR 


The large amount of investigation on the aqueous humor has yielded 
a relatively small amount of information. The aqueous humor was 
again found to possess more carbon dioxide than is found in venous 
blood.*°° Kojima *® estimated the chloride content of the aqueous and 
vitreous humors of various animals. Salit *°* found that the amount of 
chloride in the ocular humors is not affected by age. Stary and Winter- 
nitz,’°* in their analyses of the ocular humors, reported that the con- 
centration of the inorganic substances in the aqueous humor differs from 
that in the vitreous humor, and that the protein in the aqueous humor 
of the horse consists of one-half albumin and one-half globulin. Their 
results indicate that the distribution ratios of inorganic substances in 
the intra-ocular humors cannot be directly explained by the Donnan 
equilibrium theory. 
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Dextrose is the chief reducing substance in the aqueous humor and 
is estimated as such a substance. The values for dextrose should be 
regarded with this point in mind. Kodama’™* published analyses on = 
the dextrose of the aqueous humor. The reducing substance in the aque- 
ous humor of cartilaginous fish is fermentable by yeast and is probably 
dextrose.'°* The aqueous humor also contains another reducing sub- 
stance, cevitamic acid (vitamin C), which forms an osazone’™ and 
which prevents scurvy.?% 

The relation of the barrier between the intra-ocular humors and 
the blood to exchange of substances is a subject of extensive inquiry. 
Kodama *°* confirmed the repeated observation that the dextrose content 
of aqueous humor is lower than that of serum. Intravenous injection 
of dextrose quickly raises the amount of that substance in the aqueous 
humor. Potassium behaves in a similar manner.’° Suzuki ?® found 
that, although particles of certain dyes are sufficiently small to pass into 
the aqueous humor, they apparently cannot pass through the capillaries 
because their electrical charges prevent them. Cinchophen increases the 
negative potential of tissues and therefore allows some negative-charged 
particles to pass through the tissues to the aqueous humor."*? Selinger **? 
found that the values from the determination of protein content in the 
human aqueous humor may be an aid in differential diagnosis of 
papilledema. 

Progress in the study of glaucoma has been made mainly through 
negative findings. Kume?!* observed that cations tend to raise the 
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intra-ocular pressure. Although the composition of the blood affects 
the intra-ocular humor,’ the blood chemistry is reported to be normal 
in cases of glaucoma. The amounts of blood dextrose,'"* chlorides,"5 
inorganic phosphate,''* sodium,'"* calcium 14° and potassium *** and the 
alkaline reserve of the blood,'’? show no remarkable statistical differ- 
ences between normal and glaucomatous patients. Stenico ?"* tested the 
aqueous humors of seven patients suffering with glaucoma and obtained 
only one positive reaction for histamine with guinea-pig uterus and 
intestine. Although Duke-Elder and Friedenwald believe that substances 
like histamine are associated with the causes of acute congestive glau- 
coma, the evidence which has been presented up to the present time 
is not sufficient to prove that histamine is a cause of glaucoma or that 
it arises from the acute inflammatory reaction of the ocular tissues as 
a secondary effect of acute glaucoma. Of the chemical action and nature 
of histamine-like substances in the eye, nothing is known. 


VITREOUS HUMOR 


The controversy ranging about the nature of the vitreous humor 
has stimulated productive investigation, Baurmann'’® disagreed with 
Goedbloed,’*° who concluded that the vitreous humor is incapable of 
swelling and that its consistency is dependent on a filamentous structure. 
Cohen and his collaborators '* demonstrated that solutions of various 
acids, bases and salts produced no demonstrable effect on the free or 
bound fluid of the vitreous humor. Their results indicated that the 
vitreous humor is composed of a meshwork of fibrils in a viscous liquid. 
Meyer and Palmer **? found that a polysaccharide which they called 
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hyaluronic acid (from hyaloid [vitreous] plus uronic acid) is present 
presumably as a salt, which apparently gives the viscous liquid its 
characteristic physical property. If this important investigation is 
confirmed and the nature of this substance is studied further, many 
of the remarkable qualities of the vitreous humor may be explained. 

Stary and Winternitz’** reported that their inorganic analyses of 
vitreous humor showed that it differs from aqueous humor or cerebro- 
spinal fluid. Mutaguchi*** found that the concentrations of inorganic 
substances of the humor changed one month after injection of infected 
blood into the vitreous cavity. 

LENS 


The growth and senescence of the lens are directly related to 
presenile and senile physiologic and pathologic lenticular changes. 
Balcet ?*° followed the growth of the lens of the horse and of the cow, 
and Krause ?** studied the growth and senescence of the rabbit’s lens. 
In the normal animal the size of the lens is dependent on genetic factors. 
There is every reason to believe that the rate of growth of the mam- 
malian lens decreases geometrically with age. After it attains maximal 
growth senile changes develop. Blatt **’ and Bernstein *** reported that 
senile sclerosis of the lens and life expectancy are related. In general, 
early presbyopia indicates early death, and late presbyopia, late death. 


Fischer **® studied the colloidal and imbibitory properties of the 
lens. Its swelling was dependent on the acidity, not the alkalinity, of 
the solution in which the lens was immersed. The water was bound 
to the lenticular colloids.1%° Fischer **1 expressed the belief that the 
refractive changes occurring in diabetes are caused by the change in 
the permeability of the lens and its nucleus. 
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The study of the metabolic activity of the surviving lens in vitro 
will be a tempting field for further investigation. Kihara '*? noted that 
potassium and calcium are indispensable for the normal metabolism of 
the surviving lens. He*** concluded that the increase of calcium 
and the decrease of potassium in the lens are related to the etiology of 
cataract. Germani*** noticed that a hypertonic solution of sodium 
chloride causes a proliferation of the subcapsular epithelium. 

The study of the oxidation-reduction potentials of substances often 
gives a new insight into the biochemical processes occurring in tissues. 
The oxidation-reduction potential of the lens is above normal in cases 
of different kinds of cataracts.1** This indicates that the lens is less 
affected by oxidative agents than by reducing agents.*** 


Although calcium and cholesterol play a prominent part in the dis- 
cussions on the etiology of cataract, comparatively little is known about 
these substances in relation to the normal metabolism of the lens. 
During the gradual development of the embryonic lens, calcium accumu- 
lates along the inner cavity of the lens and iron migrates toward the 
periphery.*** Grabar and Nordmann ‘** confirmed the many reports that 
calcium is increased in cataracts. In the past, it has been assumed, 
mostly from clinical observations, that the cholesterol increased with 
the maturation of the cataract. Salit and O’Brien **® showed that the 


amount of cholesterol is augmented with age, but not during the forma- 
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tion of the cataract. Krause **® determined the lipid partition of the 
bovine lens. 

Much more will be known about the nature of lenticular changes in 
the near future from the investigation of the processes affecting the 
lenticular proteins. The color in black cataract is derived from an 
obscure precursor, probably an amino-acid or a protein derivative. 
Waelsch *** found that no tyrosinase or di-hydroxyphenylalanine oxidase 
is present in the lens, although melanin was detected spectroscopically in 
the dark lens. However, it is questionable whether melanin can be 
detected in this manner. Since the formation of urea in tissues varies 
in general with the active metabolism of proteins and their derivatives, 
it is not surprising that the amount of urea in the lens decreases with 
age and with the formation of cataract.'** The lens protein is immuno- 
logically related to proteins of the kidney, liver and _ intestine.*** 
Evidently, the antigenic property of the protein is not entirely organ- 
specific, but it is chemically related to other nonocular proteins. Of the 
lenticular proteins, alpha-crystallin is the protein which is organ- 
specific.'** Braun,?** in his experiments on anaphylaxis, found an 
unknown toxic substance in the alcoholic extract of the lens. In rare 
cases, apparently, crystals of protein may form in cataracts.** 

A deficiency of vitamin G produces keratitis, uveitis and cataract in 


albino mice **7 and rats.'*8 The process in the lens begins with a cortical 
irregularity of refraction, then results in proliferation of the epithelium 
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and other changes and ends in complete degeneration. Evidently, the 
effect is the result of interference with the development of the body 
and thereby of the eye, for age has a definite relationship to the incidence 
of cataracts developing from the lack of vitamin G.'*® Other factors 
in the vitamin B complex, besides vitamin G, may play an important 
part in the production of this type of cataract.*° The fluorescence of 
the lens *** arises in part from the presence of vitamin G and in part 
from that of another substance.?*? 


























Cevitamic acid (vitamin C) is found in the normal lens, the aqueous 
and the vitreous humor and in the cerebrospinal fluid of different 
animals and man.*** Since in the past the estimations of glutathione 
included cevitamic acid, the quantities reported for glutathione were 
high.*** In the lens, more cevitamic acid is contained in the cortex than 
in the nucleus.*** The amount decreases with age and with the catarac- 
tous changes in the lens.’*** In aphakic eyes, the aqueous humor contains 
little or no cevitamic acid.'*> In vitamin C deficiency, the cevitamic acid 
of the aqeuous humor and lens prevents scurvy, according to Birch and 
Dann,'*** but Evans ***” was unable to confirm their observation. In 
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guinea-pigs suffering from severe scurvy, the amount of cevitamic acid 
in the lens is decreased,’** and later the lens may show a diffuse opacity. 
Fischer #°? advanced the opinion that in the lens a part of the dextrose 
is oxidized, a part is glycolyzed and a part is changed to cevitamic 
acid. Oxidized glutathione dehydrogenates the dextrose and forms 
cevitamic acid. He assumed that vitamin B, (G). takes part in the 
anaerobic glycolytic process and that vitamin A acts as an oxidative 
catalyst. He advanced the argument that a change in the permeability 
of the lens is the cause of the change in lenticular transparency, and 
that glutathione is lost and then cevitamic acid; the other physical and 
chemical changes naturally result. However, it is not established that 
these vitamins behave in the assumed manner. Furthermore, the 
assumption that changes in the permeability of the lens act as an initial 
cause of cataract is greatly subject to question. Moreover, all experi- 
mental evidence is against his other assumption, that beta-crystalline is 
converted into albuminoid. 

The quantity of glutathione in the lens is less than that which the 
previous reports have indicated.‘** The exact function of glutathione 
is still obscure. Although this derivative from cysteine is found to be 
present in the lens, free cysteine or cystine is absent.1** Cordero ’*® 
confirmed the observation that glutathione is decreased in cataracts. 
Jess *®° obtained a negative nitroprusside reaction for sulfydryl sub- 
stances in the opaque portion of a roentgen ray cataract. Evans,’** on 
discovery of the loss of glutathione in parathyroid cataract, suggested 
that it is used to detoxify certain metabolic products arising from 
parathyroid deficiency. He?**? found that tetany is not a cause of 
cataract. 

Cataracts may result from various dietary deficiencies, some of which 
are unknown.’®* They are observed in certain animals which are fed 
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powdered milk and casein,’** or large quantities of lactose,’®* and food 
deficient in tryptophan *** or in calcium and phosphorus.'* . 

It is a common belief that cataracts may result from the acidosis 
of diabetes. Chaikoff and Lachmann,'*? however, demonstrated that 
depancreatized dogs maintained in a good nutritional condition on insulin 
commonly have catarcts. In these dogs, however, the normal blood 
lipids were reduced and the blood cholesterol ester disappeared.'** 


Bourne continued her studies on the nature of naphthalene cataracts, 
She **° found that feeding of rabbits on oats or carrots generally 
prevents cataractous changes in the lens. Calcium metabolism is not 
connected with this type of cataract.'7° Evidently, toxic naphthalene 
derivatives are detoxified by conjugation with cysteine, and possibly 
cataracts arise through the loss of cysteine.’7* Nakashima *** found that 
the liver, as well as the lens, lost glutathione in naphthalene poisoning. 
Contrary to the report of Michail and Vancea, Schmoll *** observed that 
the blood dextrose is normal. The formation of naphthalene cataract 
is not prevented by the ingestion of cevitamic acid.’** Thallium intoxi- 
cation acts in a manner similar to that of naphthalene in the production 
of cataracts in rats.’”® 
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The blood chemistry of patients possessing uncomplicated senile 
cataracts is not abnormal. The blood calcium,’ potassium **** and 
cholesterol *7* are normal. Vele*’® stated that the glutathione content 
of the blood increases in cases of cataract. 
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News and Notes 


SOCIETY NEWS 


American Academy of Ophthalmology and Otolaryngology.—The 
annual meeting of the American Academy of Ophthalmology and Oto- 


laryngology will be held from September 26 to October 3 at the Waldorf 
Astoria Hotel, New York. 


American College of Surgeons.—The annual clinical congress of 
the American College of Surgeons will take place in Philadelphia, 
Oct. 19 to 23, 1936. 


Philadelphia County Medical Society—The following program 
was presented at the scientific meeting of the Eye Section of the Phila- 
delphia County Medical Society on February 6: 

“Clinical Case from Wills Hospital,” Dr. Samuel Phillips. 


“Traumatic Iridodialysis” (presentation of two patients, one with 
nonsurgical reattachment), Dr. Mortimer W. Blair. 


“Disappearance of Cataractous Lens Following an Attack of Iritis” 
(presentation of patient), Dr. Frank A. Murphy. 


“Nodular Dystrophy of the Cornea, Salzmann Type’’ (presentation 
of patient), Dr. Alfred Cowan. 


“Blood-Staining of Cornea and Anterior Capsular Stellate Cataract” 
(presentation of patient), Dr. George J. Dublin. 


“Retinitis Pigmentosa, with Special Reference to Sympathectomy as 


a Means of Treatment” (report of three cases ; presentation of patients), 
Dr. Charles W. Le Fever. 


Philadelphia County Medical Society, Eye Section——The Eye 
Section of the Philadelphia County Medical Society, with the coopera- 
tion of teachers of ophthalmology in Philadelphia, is presenting a 
program of teaching conferences, which will precede the monthly 
scientific session of the society. The inaugural sessions will be held 
on March 5, April 2 and May 7. Further information may be obtained 
by writing the secretary, Dr. Sidney L. Olsho, 21st and Spruce Streets, 
Philadelphia. 


UNIVERSITY NEWS 


A gold medal is awarded annually by the University of Buffalo for 
outstanding work in ophthalmology. Complete information may be 
secured by writing H. W. Cowper, 543 Franklin Street, Buffalo. 


GENERAL NEWS 


Graduate Course, Gill Memorial Eye, Ear and Throat Hospital— 
The tenth annual spring graduate course in ophthalmology, otology, 
rhinology, laryngology, facio-maxillary surgery and _ bronchoscopy 
will be held at the Gill Memorial Eye, Ear and Throat Hospital. 
Roanoke, Va., from April 6 to 11. Further information may be obtained 
by writing to the hospital. 
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Summer Postgraduate Course in Ophthalmology and Otolaryn- 
gology.—The summer postgraduate course in ophthalmology and 
otolaryngology, will be held in Denver from July 20 to Aug. 1, 
1936. The first week’s study will be devoted to the eye, and that 
of the second week to the ear, nose and throat. The guest speakers 
will be Dr. Oscar V. Batson of Philadelphia, Dr. Lawrence T. Post 
of St. Louis, Dr. William L. Benedict of Rochester, Minn., and 
Dr. Will Otto Bell of Seattle. Inquiries regarding the course may be 
sent to Dr. H. L. Whitaker, 1234 Republic Building, Denver. 


PERSONAL 


Dr. John M. Wheeler was recently honored by a dinner held at the 
Union Club in New York City. Thirty members of his staff were 
present at this occasion, which marked the third anniversary of the 
opening of the Eye Institute of the Presbyterian Hospital. 


| 


CORRECTION 


In the article by Dr. Alfred Cowan, entitled “The “Schematic Eye,” in the 
February issue (Arcu. Oputu. 18:312, 1935), the figure 2.4146 mm. in the fifteenth 
line on page 315 should read 2.419 mm. 





Obituaries 


EDWARD BALTHASAR HECKEL 
1865—1935 


Dr. Edward Balthasar Heckel was born in old Allegheny on Jan. 30, 
1865, the son of John G. Heckel and Mary E. (Koch) Heckel. He 
died on Dec. 23, 1935, after a brief illness, of pneumonia. 

Dr. Heckel received his preliminary education in the public schools 
and attended Allegheny College, from which he received the degree of 
Bachelor of Arts in 1887 and the degree of Master of Arts in 1889, 
Later, in 1930, his alma mater honored him by conferring the degree 
of Doctor of Science. 

His medical education was received at Bellevue Hospital Medical 
College, from which he graduated in 1890. He then took a postgraduate 
course at the New York Polyclinic Medical School and Hospital, and 
on his return to Pitttsburgh he became associated with Dr. Herman W. 
Hlechelman, at that time professor of ophthalmology and otology in the 
Western Pennsylvania Medical College. 


Later, when the University of Pittsburgh absorbed the Western 
Pennsylvania Medical College, Dr. Hechelman resigned from the chair, 
and Dr. Heckel succeeded him as professor. 

The guiding motive in Dr. Heckel’s career as an ophthalmologist 
was thoroughness. He abhorred all pretense and sham. His often 
repeated advice to his students and associates, ‘Never guess when it is 


, 


possible to know,” was his motto in life. Consequently his measure of 
success was full, and his opinion was much sought in consultation. 

The esteem in which his local confréres held him is shown by his 
election to the presidency of the Pittsburgh Ophthalmological Society 
in 1913, when it was organized, and his continued reelection to the 
office until his death. 

A Festmahl was tendered him on Feb. 11, 1928, at the University 
Club, marking his fifteenth year as president, at which time he was 
presented with an appropriately inscribed gavel. This was followed 
by a testimonial scientific evening which Dr. Alfred Stengel opened 
with a paper on cardiovascular renal disease and which was discussed 
from the ophthalmologist’s standpoint by Dr. George E. de Schweinitz 
and from the general medical standpoint by Dr. A. C. Morgan. 

In this same year Dr. Heckel served as chairman of the Section 
on Ophthalmology of the American Medical Association. Significantly. 
his chairman’s address at the annual meeting was entitled “The Ethics 
of Ophthalmology.” 





EDWARD BALTHASAR HECKEL 547 


Dr. Heckel made many valuable contributions to ophthalmology, and 
he excelled in impromptu discussions. 

He was a member of the American Ophthalmological Society and 
of the American Academy of Ophthalmology and Otolaryngology, 
and was a fellow of the American College of Surgeons. 

At the time of his death he was ophthalmologist to the Allegheny 
General Hospital, the Pennsylvania Railroad and the Carnegie Steel 
(Company. 








EDWARD BALTHASAR HECKEL 
1865—1935 


He was a trustee of Allegheny College, a member of the Board of 
Managers of the Allegheny County Industrial and Training School for 
Boys and president of the Children’s Service Bureau for many years. 
ay was a brother in Phi Beta Kappa, Phi Gamma Delta and Phi 
seta Pi. 


Early in his career Dr. Heckel became interested in organized 


medicine and devoted an incalculable amount of time and energy to 
its furtherance. 
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In 1898 he served as president of the Pittsburgh Academy of 
Medicine, and in 1905 he was elected president of the Allegheny County 
Medical Society. He served two terms (1913—1915) as president of 
the Medical Society of the State of Pennsylvania and, as noted before, 
was the continuous president of the Pittsburgh Ophthalmological Society 
for twenty-two years. 

In the House of Delegates of the American Medical Association 
Dr. Heckel held membership in. 1906, 1907, 1917 to. 1920, 1922 and 
1924. In 1925 he was elected a member of the Board of Trustees; he 
became its chairman and served in this capacity with distinction until 
the completion of his term in 1932. 

Dr. Heckel was married to Miss Matilda Lautner on Nov. 21, 1894. 
He is survived by his widow, two daughters and six grandchildren. 


EDWARD STIEREN. 








Correspondence 


MYOPIA AND EXOPHORIA 


To the Editor:—In my clinical note in the October issue of the 
ArcHIVEs (14: 624, 1935) I used the term tonic myopia, a term which 
has caused some question on the part of several ophthalmologists. 
Dr. Marlow, in his letter in the November issue of the ARCHIVES 
(14: 825, 1935), likewise remarked that he did not see any difference 
between this form of myopia and spasm of accommodation. In view 
of this, a few words of explanation may not be amiss. 

My conception of tonic myopia is based on the idea, not yet fully 
proved, of the existence of active negative accommodation as well as of 
active positive accommodation. In other words, active accommodation 
is to be regarded not as a one way activity always resulting in an 
increase of refractive power but as a twofold activity capable either 
of an increase of refractive power (positive accommodation) or of a 
decrease of refractive power (negative accommodation). 

Such dual antagonistic activity in the ciliary muscle naturally neces- 
sitates a dual antagonistic innervation. A number of investigators have 
postulated, with more or less experimental proof to back them up, such 
a dual innervation of the ciliary muscle. The structure of this muscle. 
consisting as it does of at least two well defined and differently arranged 
tundles of muscle fibers, the circular muscle (Miiller’s) and the meridi- 
onal muscle (Bowman’s), would strongly suggest a dual and antag- 
onistic action between them. The arrangement of muscle fibers in the 
cliary muscle is similar to the arrangement of muscle fibers in the iris, 
the circular sphincter and the radiating dilator muscle of the iris. The 
antagonistic action of these two and their different nerve supplies are now 
well established. But until the existence and sympathetic innervation 
of the dilator muscle of the iris was fully established, changes in pupil- 
lary diameter were considered as due solely to the contraction and 
relaxation of the sphincter iridis. 

It may be fitting to observe that the tendency now is to postulate 
active antagonism to ocular functions which were previously regarded 
as one way activities. This applies not only to peripheral structures 
but also to cortical and subcortical centers. For example, the orthodox 
view is that convergence is a one way activity; i. e., there is a conver- 
gence center but not a divergence center. Divergence has been gener- 
ally regarded as a passive phase due to a relaxation or inhibition of the 
convergence center. But the newer view now held by Professor Biels- 
chowsky and other leading scientists is that there is a divergence center 
which actively opposes the convergence center. As a result, the relative 
direction of the two visual axes when the eyes are “at rest” is the resul- 
tant of the relative tonicity of the two vergence centers. In a similar 
sense the refractive power of the eye when “at rest” seems to me to be 
the resultant of the relative tonicity of the two opposing accommodation 
inervations. Anything which would tend to heighten the tonicity of 


the positive accommodative phase of the ciliary muscle would tend to 
produce myopia. 
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Of the investigators who have postulated a double, antagonistic 
innervation and action to the ciliary muscle, the earliest ones seem to be 
Morat and Doyon in 1891. Later Professor Savage espoused the same 
view of a double innervation, though he held that the meridional muscle 
played no part in accommodation but served to keep the crystalline lens 
in true position. More recently Henderson (1925-1926) postulated a 
most ingenious theory of accommodation based on a double innervation 
and antagonistic action of the two sets of fibers in the ciliary muscle. 
Still more recently F. Poos (1927-1928), by a study of pharmacologic 
reactions, corroborated the existence of a double innervation of the 
ciliary muscle. 

It is true that the dual antagonistic innervation and action of the 
ciliary muscle has not been satisfactorily proved. But neither has 
the whole mechanism of accommodation been satisfactorily explained. 
The theories of accommodation—the original Helmholtz and the original 
Tscherning theory and their modifications—are still only partly accept- 
able. Only recently Duke-Elder made the following conservative state- 
ment: “The subject (accommodation) cannot yet be considered as 
closed ; it is an interesting one and a difficult one, calling for specialized 
and very beautiful methods of experimentation.” In fact, any one who 
has really tried to think through the various theories of accommodation 
must have found much that is nebulous, even self-contradictory. 

Under such circumstances one may be justified in accepting that 
theory of the accommodative mechanism which, though less well proved, 
fits in better with some observed clinical phenomena. It was with this 
in mind that the term tonic myopia was used. 


Josern I. Pascat, M.D., New York. 











Abstracts from Current Literature 


EpIteD BY Dr. WILLIAM ZENTMAYER 


Anatomy and Embryology 


Tue Empryorocicat Basts or Cycropra. H. B. ApELMANN, Am. J. 
Ophth. 17: 890 (Oct.) 1934. 


Adelmann concludes that “the eye-forming materials of the anterior 
end of the neural plate possess generalized eye-forming potencies, the 
materials for the two eyes constituting a harmonious equipotential sys- 
tem capable of differentiating into one or two eyes depending upon 
factors operating during development. While the eye-forming potencies 
of the neural plate alone are higher in the median regions, the influence 
of the substrate is responsible for the establishment of two bilaterally 
situated centers of eye-formation which arise as the materials expand 
during later stages. If the substrate fails to function normally or the 
neural plate is unable to respond to its influence the formation of a 
single harmoniously differentiated cyclopean eye results. 

“The nature of the influence of the substrate on the bilateral dif- 


ferentiation of the eyes, whether chemical, mechanical, or a combination 
of both is still uncertain.” a a 
W. S. REESE. 


Biochemistry 


Tie Water-BINDING OF THE RETINA. J. A. VAN HEUVEN and F. P. 
FIscHeR, Brit. J. Ophth. 19: 390 (July) 1935. 


The following is the authors’ summary of their paper: 


“Methods are described by which the water-binding can be defined 
and it is explained that water-binding, the capacity, the intensity and the 
nature of the water-binding must be distinguished theoretically and prac- 


tically. As similar researches had already been carried out for the 


cornea, the sclera, the uvea and the lens, a comparison between the retina 
and these tissues was possible. 

“The retina is a swelling gallert with a not unimportant capacity of 
water-binding. This capacity is much smaller than that of the cornea, 
sclera, or uvea and larger than that of the lens. 

“The retina swells in water. 

“In acids, except in phosphoric acid, the swelling of the retina is 
checked. This is more marked in concentrated acid, but the action of 
equinormal acids varies. 

“Alkalis promote swelling of the retina. This swelling is all the 
greater in proportion as the alkalis are more concentrated, equinormal 
alkalis again act variously in strength. 

“In equally dissociated acids and alkalis the swelling is variable. By 
salts the swelling of the retina is checked and more strongly in propor- 
tion as the salt-solutions are more concentrated. 

“The action of equimolar salt-solutions is variable. 
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“By anelectrolyte the swelling of the retina is influenced in the same 
way as by salts. 

“The rate of swelling of the retina is less than that of any other 
tissue of the globe. " 

“The change in density in swelling makes very regular progress in 
the retina and it proves that the retina undergoes a very regular contrac- 
tion of volume in swelling. Further this is the case only in the lens, 
‘Thus the retina undergoes a relative shrivelling in swelling, whereas the 
uvea, especially the choroid, undergoes a relative swelling. 

“In the retina all the water is loosely bound, which is not the case in 
any other tissue of the globe. 

“The exsiccation-time of the retina is longer than that of all the 
other tissues of the globe. Regarding the tissues of the eye the exsicca- 
tion-time increases going in a direction from the outer walls to the inner 
parts. 

“The intensity of the water-binding of the retina is great, greater 
than its capacity, it is smaller than the intensity of the lens, and greater 


n that of the other tissues.” 
than that W. ZENTMAYER. 


Conjunctiva 


Tue Etrococy oF INcLUSION BLENNORRHEA. P. THyGEsoN, Am. J. 
Ophth. 17: 1019 (Nov.) 1934. 


Thygeson gives the following summary of his studies of conjunc- 
tivitis in infants: 

“1. Inclusion blennorrhea is a distinct clinical entity characterized 
by its time of onset (5 to 9 days after birth), by its long duration (3 
months to 1 year), by its resistance to treatment, and by the presence of 
cytoplasmic inclusion bodies in certain of the conjunctival epithelial 
cells. 


“2. The etiologic agent of the disease is a filtrable virus having an 
elementary-body phase and an imnitial-body phase.  Filtrability is 
dependent upon the elementary-body phase. 


“3. The inclusion bodies constitute intracellular colonies of the virus 
in various stages of development, the initial body being the early stage 
and the elementary body the late and infective stage. The cycle from 
elementary body to elementary body requires approximately 48 hours. 


“4. Filtrability of the disease is low, owing to the difficulty of 
obtaining virulent suspensions of sufficient elementary-body content to 
satisfy the adsorptive properties of kieselguhr or porcelain filters. With 
graded collodion membranes of average-pore size greater than 0.6p, 
however, it is consistently possible to prepare virulent filtrates from 
acute cases. 


“5. The virus is not cultivable on artificial media but requires living 
human or monkey epithelial cells for multiplication. 


“6. The resistance to treatment of inclusion blennorrhea is probably 
dependent on the inability of antiseptic solutions to reach the virus, 
which is intracellular during most of its existence. 
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“7. Inclusion blennorrhea and swimming-bath conjunctivitis are 
caused by the same virus, the clinical differences in the two diseases 
being due to the difference in the reactivity of the conjunctivae of the 
newborn and the adult. 


“8. All cases of inclusion blennorrhea and most cases of swimming- 
bath conjunctivitis are derived from a virus disease of the genito- 
urinary tract which is demonstrable by the finding of inclusion bodies 
and is transferable to the eyes of monkeys. 


“9. Both inclusion blennorrhea and swimming-bath conjunctivitis 
are entirely distinct from trachoma. The study of inclusion blennorrhea, 
however, paves the way for an understanding of the inclusions and the 
free elementary and initial bodies of trachoma.” “er 

W. S. REEsE. 


SYPHILITIC CONJUNCTIVITIS (RARE CASES OF OCULAR SYPHILIS—CON- 
JUNCTIVAL SYPHILIDS). DuvaL po LivRAMENTO Prapo, Arch. 
de oftal. de Buenos Aires 10: 247 (April-May) 1935. 


This is the report of a case of a syphilitic conjunctival lesion consist- 
ing in a smooth limited elevation of the bulbar conjunctiva, with a 
chancre of the labia majora and a positive Wassermann and positive 
Kahn reaction, which yielded to antisyphilitic treatment. The author 
describes the different forms of conjunctival syphilis and calls attention 
to their rarity. He considers this a case of syphilitic pseudotrachoma. 


C. E. FInvay. 


Comparative Ophthalmology 


THE ReptTitr1AN Retina: I. A New Concept oF VISUAL-CELL 
Evo.tution. G. L. Watts, Am. J. Ophth. 17: 892 (Oct.) 1934. 


Walls presents evidence leading to the conclusion that many groups 
of reptiles have become nocturnal secondarily. This has nearly always 
been accomplished by a transmutation of some or all of the cones of 
an ancestral diurnal “pure cone” retina into functional rods. This does 
not weaken the duplicity theory (1. Cones have high thresholds of 
stimulation and afford sharp vision, while rods are much more sensitive 
and afford diffuse central images. 2. Cones mediate chromatic vision, 
whereas rods yield only white, gray and black sensations), as a statement 
of physiologic facts if one excepts the allocation of perception of hue 
exclusively to cones. Researches on the color vision of such forms as 
Xantusia, Coleonyx, Phelsuma and Hypsiglena will be crucial. The 
duplicity theory cannot be allowed to carry, without test, the implica- 
tion that a cone which becomes a scotocyte necessarily loses any capac- 
ity it may have had for discriminating between hues. When the more 
fundamental statement in regard to thresholds is considered, the theory 
loses all truth unless physiologic terms are substituted for the 
morphologic “rod” and “cone,” and with these substitutions the theory 
loses all force. As a guide to the interpretation of habits in terms of 
structure the theory, faced with transmutation, has come to the end of 


its usefulness. W. S. REESE 
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THE SIGNIFICANCE OF THE REPTILIAN “SPECTACLE.” G. L. WaALLs, 
Am. J. Ophth. 17: 1045 (Nov.) 1934. 


Shielding the eyes of certain fishes and of many reptiles, and 
replacing in the latter a mobile palpebral system, is a transparent cap 
or “spectacle.” Walls believes that, except where this was produced in 
partial or perfect form as a protection against wind-blown sand or to 
facilitate digging, it has been evolved as a consequence of nocturnal 
creeping, present or past. WS Meee 


DIFFERENTIATION OF THE OCULAR REFLEX ARC IN THE LARVAL 


SALAMANDER. J. SZEPSENWOL, Compt. rend. Soc. de biol. 119: 
784, 1935. 


In the larval salamander the ocular nerves do not appear until after 
the differentiation of the ocular muscles. The neurons then develop as 
if following the course of the nerve current—the sensory neurons first, 


then the intercalary fibers (rhombencephalon and mesencephalon), and 
the motor nerves finally. 
J. E. LEBENSOHN. 


Congenital Anomalies 


Tue GENESIS OF ATYPICAL OcuLAR CoLtopoma. B. Rones, Am. J. 
Ophth. 17: 883 (Oct.) 1934. 


From a study of the large collection of human embryos in the 
department of embryology of the Carnegie Institution of Washington, 
Rones gives the following summary : 


“1. Typical ocular coloboma results from a defective closure of the 
fetal ocular cleft. 


“2. The origin of atypical coloboma has no relationship to the fetal 
ocular cleft. 


“3. Notches occur in the margin of the embryonic optic cup due to 
variations of the growth energy of the margin, but normally these tend 
to smooth themselves out by a later equalization of growth and by the 
conforming pressure of adjacent tissue. 

“4. The persistence of these notches is due to a loss of growth 
energy of the tissue at this point, and the growing forward of the 
adjacent tissue. 


“5. It is not necessary to presuppose any retardation pressure from 
either blood vessels or connective tissue in the production of such 
defects. ' 


“6. The presence of connective tissue in these regions can be 
explained by the compensatory attempt to close the defect.” 


W. S. REESE. 
A Case oF UNILATERAL ANOPHTHALMOS WITH A Cyst. KavnJI 
Kanpa, Brit. J. Ophth. 19: 512 (Sept.) 1935. 


The patient was a boy of 5 years. Prior to his birth his mother 
had suffered a blow over the abdomen. 
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The right eyeball was somewhat microphthalmic. The iris and 
choroid presented an inferior coloboma. On the left side the lids and 
conjunctival culdesac were normal. In the lower lid there was a pro- 
jection of the skin under which the rudimentary eyeball was hidden. 
The cyst was also partly covered by the lower palpebral conjunctiva. 

The cyst was removed through an incision in the skin. It was filled 
with fluid and was attached to the lower wall of the orbit. It was 
composed of three chambers. On rupture a transparent body about 
5 mm. in diameter escaped. This was taken to be the crystalline lens. 

A detailed description of the microscopic appearance is given. The 
specimen did not show the proper structure for an eye, but Kanda 
considers the case to have been one of cryptophthalmos. 


W. ZENTMAYER. 


Cornea and Sclera 


BENZYLCINNAMIC ETHER IN THE TREATMENT OF CICATRICES OF THE 


Cornea. P. Bartiiart, Bull. Soc. d’opht. de Paris, February 
1935, p. 86. 


A certain group of patients with corneal opacities was treated with 
benzylcinnamic ether. Photography fails to show properly the changes 
in the cornea because of the difficulty in projection of the light rays. 
The visibility of the iris is a personal but a fair basis for grading results. 
When the visual acuity of an eye is increased by 1/10 the results cannot 
be questioned. The conditions were divided into three groups: (1) old 
leukoma of the cornea, (2) parenchymatous keratitis in evolution and 
(3) acne of the face and both corneas. 

Bailliart has had good results based on impressions and records of 
visual acuity. This is in the nature of a preliminary report. 


L. L. MAyeEr. 


TUBERCULOUS ALLERGY AND So-CALLED PHLYCTENULAR KERATOCON- 
junctivitis. N. Cotomsa, Ann. di ottal. e clin. ocul. 63: 437 


(June) 1935. 


_ Columba examined thirty-one patients with reference to their reac- 
tion to tuberculous antigens. The tests employed were (1) intradermal 
tests with 1: 1,000 old tuberculin; (2) complement-fixation tests on the 
blood; (3) examination of the urine for its content of tuberculous 
antigens ; (4) examination for other symptoms of tuberculosis, including 
roentgenography of the chest. The intradermal tests were positive in 
96.6 per cent. Complement fixation was positive in only seven cases, or 
22.54 per cent. Antigens were found in the urine in six cases, or 19.32 
per cent. Roentgen examination of the chest showed active tuberculosis 
In seven cases and signs of former tuberculosis in twenty-four. 

Colomba believes that this demonstrates the tuberculous nature of 
phlyctenular keratoconjunctivitis in the sense that a previous tuberculous 
infection has sensitized the patient to tuberculous products. The recent 
views on the interpretation of tuberculin tests and the relation of allergy 
to tuberculosis are reviewed. 

S. R. Grrrorp. 
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Cystic DEGENERATION OF THE POSTERIOR SURFACE OF THE Cornea. 
N. K. Monyvuxova, Sovet. vestnik oftal. 6: 552, 1935. 


Retrocorneal cysts in enucleated degenerated eyes have been reported. 
Monyukova believes that the present article is the first to report 
partial cystic degeneration of the posterior surface of the cornea diag- 
nosed biomicroscopically in a normal eye. 

A woman, aged 57, complained of a bulging of both eyes for four 
months. There was no history of trauma or disease of the eyes. The 
general diagnosis was exophthalmic goiter. The anterior segment of 
the right eye was normal. The cornea was transparent throughout 
except for a small round opacity near the limbus at 12 o’clock. Exami- 
nation with the slit lamp showed near the upper limbus an oval dis- 
tended opacity of the cornea with a dark round hole in its center. This 
hole communicated freely with the anterior chamber. The margin of 
the hole bore a yellow ring of endothelial cells with a few threads of 
Descemet’s membrane traversing it. The corneal lamellae were 
separated from the hole into two pouches which were filled: with liquid. 

Monyukova thinks that the general endocrine disturbance led to a 
disturbance of the nutrition of the cornea, the change in the elasticity 
of Descemet’s membrane and the cyst formation being consequent to it. 


O. SITCHEVSKA. 


Experimental Pathology 


THE Virus OF VACCINIA AND OF RABIES DEVELOPED IN THE CORNEAL 
EPITHELIUM. C. Levapit1 and R. ScHoEeNn, Compt. rend. Soc. de 
biol. 119: 706, 1935. 


The inclusion elements of rabies (Negri bodies) and of vaccinia 
(Guarnieri bodies) probably represent the visible intracellular phase of 
a filtrable virus. To study the genesis of these bodies, Levaditi and 
Schoen observed the corneas of rabbits at various hours and days after 
inoculation. The vaccinal virus develops rapidly: In ten hours there 
are incipient signs of the Guarnieri bodies in the form of a net of inter- 
laced threads, and in twenty-four hours the bodies are typical. The 
virus of rabies, on the other hand, does not produce Negri bodies until 
just before the rabic manifestations. The Negri bodies then appear in 
the control as well as in the inoculated cornea, probably having traveled 


along the nerve connections of the cornea. 
J. E. LeBeNnsoun. 


General Diseases 


HEMOPHILIAC WITH BLEEDING FOR Two WEEKS AFTER AN [RIDEC- 
TOMY; FAILURE OF THE CLAssic MEpDICAL COAGULANTS; CURE 
IMMEDIATELY AFTER A Bioop TRANSFUSION. E. DELorp, Bull. 
Soc. d’opht. de Paris, April 1935, p. 202. 


It is not rare to note blood in the anterior chamber following iridec- 
tomy. Usually the blood is small in amount and resorbs after a few 
days. An abundant hemorrhage is exceptional, especially if it is pro- 
longed for two weeks. Such a hemorrhage was observed in a hemo- 
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philiac. The patient was 64 years old, and in good physical shape 
except for mild diabetes and immature cataracts. A diffuse bleeding 
occurred at the time of the preliminary iridectomy. The anterior 
chamber remained filled with blood during three days. On the fourth 
day there was much pain with a tension of 40 mm. Miotics relieved 
the pain, but the tension continued above normal. The wound in the 
cornea was reopened, and the pain, blood and tension disappeared but 
in twelve hours recurred. It was then revealed that the patient was a 
bleeder. Calcium, antidiphtheritic serum and other: medicaments were 
used to no avail. A transfusion of 300 cc. of blood caused a dramatic 
change: The pain disappeared; the tension was recorded as 30 mm. 
and later the same day as 25 mm.; the hyphemia was absorbed com- 
pletely in five days. The time of coagulation of the blood was twelve 
minutes. The rationale and previous reports of success with transfusions 
in bleeders are discussed. 
L. L. Mayer. 


OcuLAR MANIFESTATION IN THE ExupDATIVE D1aTHEsIs. H. BracclI- 
Torst, Ann. di ottal. e clin. ocul. 63: 359 (May) 1935. 


This condition, common in children, was described by Czerny as a 
tendency to abnormal reactions of the skin, mucous membranes and 
lymphatic tissues to irritants which produce no effect in normal persons. 
He found that it was favored by excessive feeding and especially by 
excessive feeding of fats. Later work showing retention of sodium 
chloride in the skin of such patients has modified but not materially 
altered Czerny’s conception. 

Bracci-Torsi examined a series of infants showing a persistent thymus, 
eczema, enlarged tonsils, adenoids and enlarged cervical glands with 
regard to the visual apparatus. Blepharitis and folliculosis were com- 
mon and in a number of the infants phlyctenulosis was found. There 
was nothing characteristic about these conditions which would distin- 
guish them from similar lesions occurring in otherwise normal persons. 
The response to treatment is suggested as a valuable aid in diagnosis, 
since lesions due to the exudative diathesis clear up on proper diet. 


S. R. GIrrorp. 


REACTIONS FOR SYPHILIS IN OPHTHALMOLOGY. G. LAszL6, Ann. di 
ottal. e clin. ocul. 63: 384 (May) 1935. 


In 2,469 serodiagnostic procedures at the first eye clinic of Budapest, 
the Wassermann and precipitation tests agreed in all but 65 cases. In 
26 of these cases the Wassermann test was positive and the precipitation 
test negative, and in 40 the Wassermann test was negative and the precip- 
itation test positive. Most of the former cases were those of recent 
lesions such as acute iritis, choroiditis and neuroretinitis, while in the 
latter group cases with a positive precipitation test alone were chiefly 
those of late lesions such as optic atrophy, macular paralysis and chronic 
uveitis. Laszlé believes that both reactions are necessary not only for 
diagnosis but as an indication for treatment, patients with a positive 
Wassermann test usually being benefited by bismuth, arsphenamine and 
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mercury, while those with a positive precipitation test alone are some- 
times harmed by such treatment and respond better to the iodides. 


S. R. Girrorp. 


Glaucoma 


THE ViTREOUs Bopy AND GLAUCOMA. STEWART DUKE-ELDER and H. 
Davson, Brit. J. Ophth. 19: 433 (Aug.) 1935. 


Duke-Elder and Davson describe the experimental work done by 
them on the chemical and physical properties and behavior of the 
vitreous body with a view to testing the theory that a swelling of the 
vitreous body is the cause of the raised intra-ocular pressure in primary 
chronic glaucoma. Their summary of their findings is as follows: 


“No increase in volume of hydration was obtained on treatment of 
the vitreous body with solutions of sodium oleate and laurate, or by 
changing the py to the alkaline side of normality. 

“The changes in the elastic properties of the vitreous body on treat- 
ment with K,SO,, KCNS, and dilute HC1 indicate that a decreased 
stability of the gel structure is produced by these reagents. 

“Attempts at peptisation of the vitreous proteins were unsuccessful. 

“The theoretical implications in the theory of vitreous swelling are 
discussed, and a mechanism whereby it may occur put forward. 

“Goedbloed’s denial of the gel nature of the vitreous body is 
repudiated.” ‘ 

W. ZENTMAYER. 


SomE PoINTs IN CONNECTION WITH SCLEROCORNEAL TREPHINING. 
R. H. Extiot, Brit. M. J. 2: 334 (Aug. 24) 1935. 


Colonel Elliot repeats that he prefers to use a 2 mm. trephine, as it 
facilitates dealing with the uveal tissue if that should become necessary, 
and as it is very important not to draw the uveal tissue into the trephine 
opening. He still prefers his hands to a hand-controlled instrument, 
and likes his old technic of conjunctival dissection best, particularly 
for splitting the cornea. In the difficult cases in which the uveal tissue 
becomes impacted in the trephine hole and the filtration is arrested, he 
has observed that if another trephine hole is made at another site, the 
tension of the globe falls and the previous trephine opening may begin 
to filtrate again. In a case of impaction of uveal tissue which came 
under his observation recently, following a suggestion of Colonel 
Kirkpatrick, the conjunctiva over the trephine opening was ballooned 
by the injection of procaine hydrochloride, a Ziegler knife was then 
introduced subconjunctivally, and the piece of prolapsed iris cut 
through. This procedure proved easy and painless, and the result was 
satisfactory. The patients in whom detachment of the choroid develops 
are no longer kept lying down, as it has been found that the detachment 
disappears just as quickly when the patients are allowed to be up. A 
most important point is to keep the pupil widely dilated after operation, 
and the use of atropine should therefore be continued for several weeks 
after operation. The great value of massage in cases of trephining has 
not been properly appreciated; it is a valuable procedure, particularly 
if it is performed by directing the fingers toward the center of the 
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globe. When cataract supervenes it is necessary that an incision should 
be made in the cornea in the region which is opposite the filtering scar, 
while a good broad bridge is fashioned on one or the other side of the 


incision. This insures an early closure of the section and does not inter- 
fere with the filtering scar. c 
sis s A. KNAPP. 


Lacrimal Apparatus 


DACRYOCYSTITIS OF THE NEw-Born. PErReEz BurFILt, Arch. de oftal. 
hispano-am. 35: 345 (July) 1935. 


After an anatomic description of the different parts of the excretory 
lacrimal apparatus, with attention to certain embryologic peculiarities, the 
author discusses the dacryocystitis occurring in the new-born infant due 
primarily to nondislodgment of the epithelial plug occupying the 
lacrimal canal and to secondary infection of the retained tears. The 
prognosis depends on the degree of the infection. In connection with 
the treatment he recommends exclusively careful catheterization without 
prior slitting of the puncta or canaliculi, supplemented in cases with 
much secretion by mild antiseptic irrigations. He briefly reports 20 
cases in which cure was obtained with from 3 to 16 catheterizations 
and refers to 328 additional cases not reported here. 


C. E. FIntray. 


Lens 


DEHYDROGENATIVE PROCESSES IN THE LENS AFTER INFRA-RED [RRADIA- 
TION. F. Fazio, Ann. di ottal. e clin. ocul. 63: 370 (May) 1935. 


Researches by Palmieri in the clinic at Padua, Italy, had shown that 
following ultraviolet irradiation of the lens there was a primary increase 
in the rapidity of the oxidation-reduction processes in this organ, indi- 
cated by more rapid reduction of methylthionine chloride by the lens. 
This was followed by a slowing of the process, which returned to normal 
only after fourteen days. Fazio extended this work to observations on 
rabbits after exposure to infra-red rays on three successive days. Eyes 
were removed at various intervals, and the lenses tested as to their 
ability to reduce methylthionine chloride. Results similar to those 
obtained with ultraviolet irradiation were noted, but the primary 
increase after twenty-four hours was slight, and the decrease in reduc- 
tion power which followed this and lasted till the ninth day was much 
less. No opacities in the lenses were seen with these relatively small 
doses of radiation. Fazio believes that such a retardation in dehydro- 
genative processes may play a part in the production of heat cataract. 


S. R. GIrrorp. 


CATARACT IN CHILDHOOD WITH SIMULTANEOUS OCCURRENCE OF 
POIKILODERMA ATROPHICANS VASCULARE: FAMILIAL OccUrR- 
RENCE (ROTHMUND’s DISEASE) IN SWITZERLAND. W. F. 
ScHNYDER, Schweiz. med. Wchnschr. 65: 719 (Aug. 10) 1935. 


_ In recent years, reports have been made of the occurrence of cataract 
in connection with dermatoses, usually with scleroderma or neuro- 
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dermatitis. The latter has been designated by various authors as 
“eczeme en plaques,” “Ekzema numulare,” “prurigo Besnier” and other- 
wise (Alexander). - 

Another skin condition, seldom reported, with which up to the 
present cataract in childhood has {been noted in only a few cases is 
poikiloderma atrophicans vasculare Jacobi. Rothmund in 1868 
described three patients with this syndrome in one family, and the fol- 
lowing report is the second in the literature : 


The parents of a 4% year old boy had noted a sudden loss of vision 
by the child during the week past. The outstanding point in the child’s 
history was the fact that after a normal delivery he had lost during the 
first month much of the fat present at birth. The skin was delicate, 
thin and so stretched that the mother felt it was too small. On the 

_face red spots occurred, giving an appearance of marble. Gradually 
these made their appearance on the arms and legs. In a few months 
fine red lines were seen surrounding islands of skin. With the oncom- 
ing mixed atrophy of the skin there appeared telangiectasia, depigmen- 
tation and especially hyperpigmentation of the neck and buttocks. A 
star-formed opacity was seen near the posterior pole of each lens, and 
the entire cortex was clouded. The boy was the youngest of four 
siblings, two of whom were well. The oldest girl, aged 12% years, had 
the same condition at a similar age, and was operated on by Professor 
Siegrist for bilateral cataract. The case was reported by Lutz in 1928. 
Rothmund’s reports are reviewed. It is supposed that a hormonal dys- 
function of the thyroid and hypophysis affecting the gonadal glands 
may explain the condition. Photographs and a bibliography are 


included. L. L. MAYER 


IMPRESSIONS OF INTRACAPSULAR EXTRACTION OF CATARACT AND SOME 


DETAILS OF Its TEcHNIc. V. P. StRAcHov, Sovet. vestnik oftal. 
6: 768, 1935. 


Strachov discusses the causes of success and of failure in intracap- 
sular extraction. The thickness, tension and elasticity of the capsule of 
the lens and the relationship to Zinn’s ligament play the most important 
role in successful and in unsuccessful operations. If Zinn’s ligament 
is not attached firmly to the lens, the turn of the lens to 180 degrees 
after Elschnig is unnecessary, as usually there is no prolapse of the 
vitreous. Strachov’s experience is that the lens, after having been 
tumbled, should be pushed upward by its upper edge. The moving of 
the lens upward is done very slowly in order that the eye may be accus- 
tomed gradually to the lowered intra-ocular tension. It is best to grasp 
the capsule of the lens in a fold of about 2 mm. between the anterior 
pole and the equator, where it is thickest. In patients with hypertension 
a venesection should be done half an hour before the operation. If 
retrobulbar anesthesia produces exophthalmos it is best to postpone the 
operation. He applies a bridle suture on the superior rectus muscle in 
restless patients only. Out of 115 intracapsular extractions there were 
only 15 accompanied by prolapse of the vitreous; inexperienced sur- 
geons were operating in the first period. Opacities of the vitreous were 
observed in about 10 per cent of all eyes operated on; they absorbed in 
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a few months. There were intra-ocular hemorrhages in three cases, 
detachment of the retina in two, and detachment of the choroid with 
good end-results in a few. 

Strachov strongly recommends intracapsular extraction of cataract 
for patients over.50 years of age who are suffering from nuclear 
cataracts, as these are unable to do any work. Hypermature cataracts 
with a strong capsule are also suitable for this operation. In cases of 
tumescent mature cataracts and cataracts in young people this opera- 


tion is contraindicated. . 
O. SITCHEVSKA. 


Neurology 


THE EtioLtocy oF Herpes ZosTER OPHTHALMICUS. I[.. ROKITSKAYA, 
Sovet. vestnik oftal. 6: 453, 1935. 


Rokitskaya reports a case of familial herpes zoster ophthalmicus 
which suggests that this disease is contagious. A man, aged 21, had 
herpes zoster of the region innervated by the first branch of the left 
trigeminus nerve. The cornea, on examination with the slit lamp, 
presented a disciform keratitis localized in the middle and deep layers 
of the parenchyma. There was lowered sensitivity of the cornea and 
of the skin of the forehead. The keratitis responded very slowly to 
local and iontophoretic treatment. 

Twenty-five days after the onset of the disease in this patient his 
sister, aged 26, also presented herpes zoster. The general symptoms 
were more marked, as she suffered from severe neuralgic pain of the 
right side of the head for two months, hyperesthesia of the skin and 
loss of hair. The cornea was affected only in the superficial layers. 

Three weeks after the onset of the first patient’s disease his 2 year 
old niece took ill with chickenpox, although there were no cases of 
chickenpox recorded in the neighborhood. Rokitskaya believes that the 
chickenpox was not accidental—that it was a herpes zoster of the type 


which Bokay named “herpes zoster varicellosus.” 
y O. SITCHEVSKA. 


Pharmacology 


A Myprratic ror DiaGcnostic Purposes. T. RIECHERT, Deutsche 
med. Wchnschr. 61: 1278 (Aug. 9) 1935. 


The two important indications for mydriasis are inflammation of 
the iris and inflammation of the ciliary body. With use of from 0.5 
to 1 per cent atropine, mydriasis lasts for from eight to ten days, and 
accommodation is at least partially paralyzed for from five to six days. 
Scopolamine produces a similar reaction. Both of these drugs may be 
intoxicants or a patient may have a local idiosyncrasy relating to one 
or the other. For medical or neurologic examination to be complete 
an investigation of the fundi is desired. Eucatropine hydrochloride, 
atropine methyl nitrate and homatropine hydrobromide are in common 
use, but because of their extended action on the pupil they may mask 
the pupillary reactions for a time too long to make the determination 
of value, as, for example, in injury of the brain. In the past months 
Riechert has had occasion to use the new preparation of Roche called 
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3-diethylamino-2, 2-dimethyl propanol, a paralyzer of the parasympa- 
thetic nerves. Experimentation on 160 patients showed that with the use 
of a 3 per cent aquéous solution from twenty to thirty minutes elapse 
before dilation occurs, which lasts only two hours. There is no rise 
of tension. There is burning which lasts from ten to twenty seconds. 


L. L. Mayer. 


Physiology 


A FUNCTIONAL STUDY OF THE NERVE ELEMENTS OF THE Optic Patu- 
WAY BY MEANS OF THE RECORDED ACTION CURRENTS. G. H. 
BisHor and S. H. Bartiey, Am. J. Ophth. 17: 995 (Nov.) 1934. 


This article does not lend itself to abstracting. It records the elec- 
trical reactions of the optic pathway to currents of different strength 
and compares these observations with those on the light stimulus. 
Bishop and Bartley believe that the visual impulse eventually loses its 
individuality and modifies the activity of cells already active in the 
brain and by changing the activity of the cells modifies the functioning 


of the brain. W. S. REESE. 


New Ways oF StupyING ACCOMMODATION: THE ELASTICITY OF THE 
ZONULA. A. VON PriuGk, Arch. f. Ophth. 133: 339 (Jan.) 1935. 


Eyes removed shortly after death maintain their refractive power 
for hours (Heine). It may therefore be assumed that the zonula 
retains its normal tonus and elasticity for a few hours after death. 
Experiments concerning the elasticity of the zonula, if done on eyes 
removed shortly after death, have nearly the same value as experiments 
done in vivo. 

This time von Pflugk reports experiments in which the elasticity of 
the zonula was tested again with an extensometer designed for testing 
longitudinal strain in wool, yarn and similar materials under the influence 
of a measurable force (stress). 

Only the fluid in which the zonula was immersed during the experi- 
ments was varied. Distilled water, 0.9 and 5 per cent sodium chloride 
solutions, and aqueous plus vitreous fluid from the other eye were 
used. The elasticity of the zonula was not materially influenced by 
these various fluids. 

In the second part of the paper von Pflugk reports modifications of 
Helmholtz’ basic experiment in which the exposed zonula is grasped 
with two forceps near the equator at two opposite points. Traction 
thus exerted on the zonula seemed to change the curvature of the lens. 
Von Pflugk constructed an apparatus which permitted measurements of 
the traction necessary to alter the curvature of the lens. He found that 
a weight of several grams was necessary to flatten the anterior surface 
of the lens under these conditions. A weight of this magnitude would 
in vivo break the fibers of the zonula. Helmholtz’ experiment led to 
the erroneous result because he grasped many more fibers with the 
forceps than were actually pulling in that direction in vivo. 


P. C. KRONFELD. 
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Refraction and Accommodation 


Tue ACCOMMODATIVE EFFORT IN CORRECTED AMETROPIA. E. Haas, 
Bull. Soc. d’opht. de Paris, February 1935, p. 101. 


If it were possible to correct ametropia by an infinitesimally thin 
glass placed at the first principal plane of the eye, that eye would resem- 
ble exactly an emmetropic eye and would exert no accommodative effort 
at the distance at which an emmetropic eye exerts no accommodatign. 
Practically these conditions are not realized. The glass is always in front 
of the eye. Haas by drawings and formulas indicates the principles 
which permit a calculation of just how much accommodative effort the 
corrected ametropic eye exerts because of the fact that the correction is 
in front of the eye. Haas will publish, at a later date, a table showing 
the numerical accommodative effort at various distances from the object 
viewed, with different values of lens correction correlated with the vary- 
ing distances between the eye and the glass. The importance of these 
figures is demonstrated in measuring the amplitude of accommodation, in 
correcting presbyopia, in the static spherical correction with which the 
ametrope must be supplied and in the application of astigmatic correc- 
tions in young subjects. 

L. L. Mayer. 


NUMERICAL TABLES FOR THE ACCOMMODATIVE EFFORT IN CORRECTED 


—- E. Haas, Bull. Soc. d’opht. de Paris, March 1935, 
p. 170. 


In the Bulletin de la Société d’ophtalmologie de Paris for February 
1935, page 101, Haas demonstrated his method of calculating how much 
accommodative effort is used in ametropia, even though corrected, because 
of the fact that the lens is in front of the eye. The hyperope has to 
accommodate more, the myope less, than the emmetrope. Because of the 
fact that the calculation of the formula is too long and involved, Haas 
presents in tabular form the actual measurements for varying correc- 


tions at different distances from the eve. 
. L. L. Mayer. 


Retina and Optic Nerve 


CoMPLETE RETURN OF SIGHT IN AN AmBLyopic Eve. A. Wynn 
GREEN, Brit. M. J. 2: 113 (July 20) 1935. 


A woman had suffered all her life from a slight divergent squint of 
the right eye. The vision of the eye was less than 6/60, and there was 
a concentric contraction of the field. The left eye was essentially normal 
until the age of 35, when vision failed owing to optic atrophy. During 
the next ten years she was seen by Mr. B. Cridland, who found a 
gradual improvement in sight in the formerly amblyopic right eye: 
After five months it was 6/36; after one year it was 6/24, and she could 
read Jaeger’s test type 12; after two years it was 6/12, and she could 
read Jaeger’s test type 2, and from five to nine years after the first 
examination it was 6/9—, and she could read Jaeger’s test type 1. 
When she was seen by Green, approximately eleven years after optic 
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atrophy occurred in the left eye, the vision of the right eye was 6/6 and 
the patient could read Jaeger’s test type 1. 

Green thinks this case illustrates the importance of persisting, even 
over long periods of time, in the occlusion of the normal eye when the 
other eye is amblyopic, particularly at an earlier age, when there is much 
more possibility of a return of sight. OS tae 


Two Cases oF DETACHMENT OF THE RETINAL VESSELS. H. JosEPu 
and P. Barvyiart, Bull. Soc. d’opht. de Paris, June 1935, p. 345. 


It is known that following resorption of a hemorrhage in the vitreous 
the condition is complicated in a number of cases by retinal detachment 
and in other instances by proliferation of the retina. The proliferations 
are usually filled with newly formed vessels. The two cases described 
are thought not to be of this type but rather to show old retinal vessels 
detached from the level of the retina and having retinal attachments of 
a fragmentary nature in conjunction with them. 

The first patient, a man of 23 years, appeared with a hemorrhage in 
the vitreous. Two months later, when the hemorrhage had absorbed, 
a gray ridge of retina extending out from the papilla to the upper 
temporal side contained almost the entirety of the upper temporal 
vessels. The lower temporal vessels were involved in another retinal 
proliferation. The visual acuity was nil. The second patient, a man 
of 47 years, had had much trouble with the left eye for twenty-one 
years. A small hemorrhage in the vitreous obscured the fundus, but 
when the vitreous cleared the vessels of the superior nasal quadrant 


were found to be entirely included in a retinal proliferation. Joseph and 
Bailliart question the advisability of attempting to fix the retina in a 
case of this type. Two excellent photographs are shown. 


. L. L. Maver. 


ANGIOID STREAKS OF THE OCULAR Funpus. A. Urrets ZAVALIA and 
R. Oxsrecon Otriva, Arch. de oftal. de Buenos Aires 10: 223 
(April-May) 1935. 

The authors, after enumerating the cases hitherto reported, with 
their bibliographic references, describe a typical case in an Argen- 
tine 37 years of age, in which the lesion was bilateral and in which 
there were no data of interest in connection with the personal or family 
history and no lesions of the type of Darier’s elastic pseudoxanthoma. 

The clinical lesions consisted of a system of pigmented striae (an 
incomplete peripapillary ring and radiating angioid streaks), a peri- 
papillary zone of discoloration, irregular pigmentary lesions of the 
fundus and macular lesions (slight pigmentary and granular changes at 
first and deep hemorrhages later). 

The authors review at length the different theories which have been 
propounded to explain the lesions—that they are vascular anomalies or 
lesions, intra-ocular hemorrhages, folds in the ocular membranes, 
trigeminal neurotropism, vascular choroiditis or fissures or tears in the 
lamina vitrea and retina (Lohmann, Lederer, Ascher and Wildi)—to 
the latter of which they incline, the streaks having probably the same 
pathogenic origin as Darier’s elastic pseudoxanthoma without any cause 
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and effect relationship, as first mentioned by Gronblad and confirmed 
by other observers. The only three cases with an anatomicopathologic 
report are not convincing, as one patient (Magitot’s) presented an inde- 
pendent vascular lesion, and the other two (Lister and Verhoeff’s) were 
not examined ophthalmoscopically intra vitam. In the last, furthermore, 
the lesion was limited to a single eye. — — or 


SURGICAL TREATMENT OF RETINAL DETACHMENT BY SAFAR’s TECHNIC. 
Roserto F. Pererra, Arch. de oftal. de Buenos Aires 10: 298 
(April-May) 1935. 

After reviewing the history and present status of the surgical treat- 
ment of retinal detachment and stressing the necessity of precise localiza- 
tion of the retinal tears, Pereira describes at length Safar’s instruments 
and technic and reports fifteen cases of detachment, with reapplication 
in ten cases, followed by recurrence in two, giving 53.33 per cent cures. 
The tears were found in twelve cases. 

C. E. Finvay. 


PERIARTERIAL SYMPATHECTOMY (LERICHE-DOPPLER) FOR THE TREAT- 
MENT OF ATROPHIES OF THE RETINA AND Optic NERVE. A. 
L6wensTEIN, Arch. f. Ophth. 133: 636 (April) 1935. 


The main principle of nonspecific treatment of disease is hyperemia. 
For several years Lowenstein has been looking for a method to produce 


permanent hyperemia in and around the eye. In June 1934, on his 
recommendation, the surgical clinic of the German University at Prague 
began to do periarterial sympathectomy at the division of the carotid 
artery on patients with ocular disease. Leriche was the first to perform 
this operation for the treatment of various diseases, and Magitot 
reported on several occasions the results obtained on such patients. 
The operation was followed by fluctuations of the general blood pres- 
sure, of the intra-ocular arterial pressure and of the caliber of the 
arteries. On June 12, 1934, Magitot reported four cases of optic nerve 
atrophy and two of chorioretinitis in each of which the sympathectomy 
was followed by definite improvement of the vision or visual fields. 

The operation is easy and can be done under local anesthesia. It is 
contraindicated only in patients with hypertension or severe cerebral 
arteriosclerosis. Lowenstein had the operation performed on eleven 
patients; in none of these did the sympathetic nerves become paralyzed 
after the operation. In his cases the carotid was freed by blunt dis- 
section and the naked artery painted with phenol (after Doppler). 
Immediately afterward the retinal vessels on the side of the operation 
Were very narrow; four days later there was no noticeable difference 
between the retinal arteries on the two sides. 

In three cases of retinitis pigmentosa the operation was performed 
on both carotid arteries and resulted in only very slight improve- 
ment of the visual functions. In eight cases of tabetic optic atrophy 
no definite improvement could be recorded. 

_ Lowenstein recommends sympathectomy for early stages of retinitis 
pigmentosa. In tabetic' optic atrophy his opinion is “that the harmless 
operation can be tried, although impaired circulation does not seem 
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to be an essential factor in this disease.” Sympathectomy may prove 


valuable in other ocular diseases (sluggish corneal ulcers, corneal dys- 
trophies, etc.). ; 
P ) P. C. KRONFELD. 


Trachoma 


STUDIES ON THE INFECTIVITY OF TRACHOMA. L, A. JULIANELLE and 
R. W. Harrison, Am. J. Ophth. 17: 1035 (Nov.) 1934. 


The authors make the following conclusions : 


“1. Material derived from the conjunctiva of patients with trachoma 
contains an agent capable of inducing infection in the conjunctiva of 
monkeys. 

“2. The infection is preceded by an incubation period varying from 
several days to a month, when follicles appear over the surface of the 
conjunctiva and frequently extend to the uninoculated eye. 


“3. The follicles regress in a few weeks to many months, without 
cicatrization. 


“4, The cornea never participates in the infection. 


“5. The histological changes accompanying the infection consist 
chiefly of follicles composed of small lymphocytes and plasma cells 
surrounded by a layer of fibroblasts. 

“6. Tissues from different patients show a great variation in infec- 
tivity. 


“7. Individual monkeys exhibit marked differences in resistance to 
infection. 


“8. The infectivity of a given tissue is apparently independent of 
the presence or absence of so-called ‘inclusion’ bodies. 


“9. Efforts by serial passage have failed to adapt permanently the 
infectious agent in monkeys. 


“10. No increased susceptibility or resistance to reinfection has been 
observed in any of the animals completely or partially recovered from 
the experimental disease.” , 

W. S. REESE. 


THE INFLUENCE OF DIETARY DEFICIENCY ON THE TRANSMISSIBILITY 
oF TRACHOMA TO Monkeys. R. A. HETLER and W. M. JAmes, 
Am. J. Ophth. 17: 1048 (Nov.) 1934. 


Hetler and James give the following summary: “The conjunctiva 
of normal, well-fed and of malnourished monkeys, rabbits, rats, and 
guinea pigs was treated with fresh trachomatous material obtained by 
swabbing and by grattage. A conjunctivitis characterized by follicular 
changes occurred in the monkeys, but not in the other animals. In the 
adequately nourished monkeys, the infection appeared within eight to 
thirty days, spreading to the uninoculated eye, and persisting from five 
to ten months or longer in both eyes. In the malnourished animals the 
infection appeared in sixteen to thirty-seven days, never spreading to 
the uninoculated eye, and persisting in the infected eye only from 
seventeen to ninety days. There was no corneal involvement nor any 
macroscopic conjunctival scarring in any of the animals.” 


W. S. REESE. 
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TRACHOMA—RECENT ADVANCES AND THE PRINCIPLES OF PROPHYLAXIS. 
A. F. MacCattan, Brit. J. Ophth. 19: 253 (May) 1935. 


This report deals with recent advances in the etiology of trachoma 
and the principles of prophylaxis. It may be said that in a doubtful 
case of trachoma the presence or absence of inclusion bodies is not of 
diagnostic significance and one has to depend on clinical examination. 
Julianelle and Harrison have shown that the experimental conjunctivitis 
seen in monkeys following inoculation of trachoma tissue is trachoma- 
tous. MacCallan is inclined to think that in poor countries the issue 
by the government of eyedrops such as 0.5 per cent zinc chloride or 
0.5 per cent zinc sulphate in convenient bottles would do a great deal 
to prevent the worst ravages of ophthalmia. The admission of a child 
with trachoma to a boarding school may result in mass infection of the 
pupils. It is only rarely that a child becomes infected in a day school. 
There are certain games or sports which tend to disseminate trachoma 
if a single player of a team is infected. One is Rugby football, and the 
other is wrestling. Trachoma may be a mild disease causing little incon- 
venience. In some parts of Northern India trachoma is practically uni- 
versal but progresses to a quiescent stage which produces little disability. 
Soldiers recruited for the Indian army from these parts serve efficiently 
throughout their period of service and have not proved a danger to 
British troops brigaded with them. Personal, family, school, army and 
navy, and national and international prophylaxis are briefly referred to. 


W. ZENTMAYER. 


CorNEAL Pittinc. H. HERBeErt, Brit. J. Ophth. 19: 261 (May) 1935. 


Herbert’s article incited by the recent paper of Busacca (Brit. J. 
Ophth. 19:26 [Jan.] 1935) deals anew with corneal pitting in old 
trachoma. He suggests that there are two possible influences concern- 
ing epithelial downgrowths generally in these cases: 

On the whole it may be accepted that there was little indication of 
epithelial activity in the Indian pits. There is no doubt that in some 
cases the pits remained entirely free from epithelial accumulation. The 
explanation may lie in the fact that a large proportion of the wandering 
patients had had little or no previous skilled treatment of their trachoma. 
There had been nothing to stimulate epithelial growth. 

Trachoma in the average case in Brazil at present may receive the 
stimulus of fairly early and regular active (caustic?) treatment; hence, 
possibly, the epithelial response seen in Busacca’s sections. 

If Herbert’s suggestion of the origin of the pits immediately below 
(not beneath) basal epithelial crypts should prove to be correct the final 
epithelial proliferation should vary with the size of the original crypt. 
The larger and deeper the crypt the freer the epithelial response. 


W. ZENTMAYER. 


SuRGICAL TREATMENT OF TRACHOMA. GUNTHER VON GROLMAN, 
Arch. de oftal. de Buenos Aires 10: 354 (April-May) 1935. 


After reviewing the different surgical procedures applied to trachoma 
von Grolman inclines to Monbrun’s diathermic method of electro- 
coagulation with a monopolar or bipolar spark, with preference of the 





568 ARCHIVES OF OPHTHALMOLOGY 


latter. He limits the monopolar spark to cases with pannus or corneal 
ulcers. He reports six cases in which Monbrun’s method was used with 
satisfactory results. © 

y C. E. Finvay. 


CyToLoGy AND HistoLocy oF TRAcHOMA. E. F. Lrevxkoyeva, Arch. f. 
Ophth. 133: 587 (April) 1935. 


In a previous paper on the same subject with P. P. Dwijkov (Ztschr. 
f. Augenh. 71: 312, 1930) the author reported her cytologic findings in 
smears made from trachomatous conjunctiva. She came to the con- 
clusion that the various types of lymphocytes and lymphoblasts found 
in those smears and their quantitative relations were pathognomonic for 
trachoma. She also claimed that trachoma was not an inflammatory 
but a hyperplastic process which tended toward lymphopoiesis. In the 
present paper she states that the aforementioned cytologic method 
has proved to be very reliable and helpful in making the correct diagnosis 
in borderline cases. Then she discusses the question of the follicles. 
She admits that the follicles caused by thé various known agents 
look alike but insists on the point that slight but noticeable changes 
do take place in them. “Depending on the stages of trachoma the 
function of the follicle varies. . . . It is the duty of the histologist 
of the future to decipher the various histologic pictures and to determine 
their relations to the clinical phases of the disease.” She describes 
briefly and not very clearly four types of follicles. Type 3 consists of 
large lymphocytes with very numerous mitoses. The formation of 
new cells goes on between the mature forms. In type 4 large cells also 
prevail but have undergone hydropic degeneration. Types 3 and 4 
are never found in folliculosis. The paper closes with a general dis- 
cussion of the histology and functional histology of the follicle. 


P. C. KRONFELD. 


Tumors 


PRIMARY TUMORS OF THE Optic Nerve. P. DeLonc, Am. J. Ophth. 
17: 797 (Sept.) 1934. 


DeLong reviews the literature of tumors of the optic nerve and 
reports a case occurring in a white girl, aged 17, in which the globe and 
tumor were removed intact. He gives the following conclusions: 


“1. All primary intraneural tumors of the optic nerve are gliomas. 


“2. These tumors are essentially congenital in origin and depend 
upon some abnormality of the neuroglia. 


“3. Gliomas of the orbital portion of the optic nerve frequently 
involve the lower cranial cavities but, in spite of this fact, recurrence 
after complete removal of the optic-nerve tumor has never been reported. 


“4. The malignancy of optic-nerve tumors, as established by Bailey 
and Cushing, points to the fact that the earlier the cell type in the 
histogenic series of development, the more malignant is its nature. 


“5. To date (with few exceptions) all reported gliomas of the optic 
nerve have probably been classified as spongioblastomas ; but it is logical 
to suppose that with the newer staining methods advanced glia will 
ultimately be found.” W.S.R 

. S. REESE. 
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NoNPIGMENTED NEvUS OF THE LACRIMAL CaruNCLE. E. A. 
Suumway, Am. J. Ophth. 17: 1055 (Nov.) 1934. 


Shumway discusses lacrimal tumors and reports the case of a 
woman, aged 46, who had a pea-sized tumor of the right lacrimal 
caruncle which had been noticed for twelve months. It protruded 
above the level of the lid margins, causing local irritation and discom- 
fort, and was covered by a layer of dried secretion. It was excised 
under local anesthesia, the base cauterized by the actual cautery and 
the surface covered by bulbar conjunctiva. The structure was exactly 
similar to that seen in a nevus of the conjunctiva. Shumway discusses 
the origin of nevus cells and calls attention to the work of Laidlaw and 
Murray, who believe that the pigmented hairy mole is a link or transi- 
tion from the pigmented tactile organs of the reptilian type to the hairy 
tactile organs of the mammalian type. WS tee 


Uvea 


A CAsE oF CHorROIDAL AtTropHY Wi1tTHOoUT NiGHT BLINDNEss. I. 
HaRTSHORNE, Am. J. Ophth. 17: 945 (Oct.) 1934. 


Hartshorne reports the case of a girl, aged 7, who had measles at 
the age of 2, and a year later influenza, during which she became drowsy 
and then semicomatose, showed marked anorexia and had a breath 
with the odor of acetone. There were recurrences each year, and with 
the last attack there was jaundice. Ophthalmoscopy revealed clear media 
in both eyes. There was marked diffuse atrophy of the choroid periph- 
erally with the larger choroidal vessels very prominent against the white 
scleral background. The choriocapillaris was partially affected around 
each disk and macula and gone peripherally; many pinpoint-sized and 
larger flecks of pigment had migrated from the pigmented epithelium 
into the inner layers of the retinas, especially peripherally and around 
each macula. The retinal vessels were not remarkable. The disks 
were pinkish without any waxy appearance; the edges were clear, with 
no elevation. The physiologic cups were normal. No hemorrhages or 
exudates were seen. The fields for form were normal, as were also 
the fields for color except when the patient became fatigued; then they 
became tubular. Hartshorne comments on the possible etiology and on 
the relation of this condition to retinitis pigmentosa. 


W. S. REESE. 


UveoparoTitis. J. S. COHEN AND M. RasinowiTz, J. A. M. A. 105: 
497 (Aug. 17) 1935. 


A Jewish woman, aged 34, complained of tiredness, nervousness and 
pains in the legs. These symptoms had been preceded by an eruption on 
the lower extremities, misty vision and bilateral swellings on the side 
of the face. There was no personal or family history of tuberculosis. 
Both eyes showed a mild uveitis. The parotid glands were enlarged. 
In the right supraclavicular region, near the median insertion of the 
sternocleidomastoid muscle, there was an enlarged gland. The tempera- 
ture ranged between 99.2 and 100.8 F. The gland was excised. Micro- 
scopically it showed the lymph follicles to have been replaced by large 
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masses of epithelioid tissue so that there remained but a narrow rim of 
lymphocytes. Many of these tubercles contained horseshoe-shaped giant 
cells. Tubercle bacilli were not found. The authors review the litera- 
ture and describe the symptoms of the syndrome. They come to the 
following conclusions: No etiologic factor considered appears to be 
responsible for uveoparotitis and its syndrome. Further, search for the 
causative agent or agents is necessary. Tlie disease is chronic and self- 
limiting. The only permanent morbidity is visual impairment. Since 
this disease is chronic and possibly infectious, foreign protein therapy 


is suggested. W. ZENTMAYER. 


UVEOPAROTID TUBERCULOSIS: REPORT OF THREE CasEs. S. E. TANNER 
and A. L. McCurry, Brit. M. J. 2: 1041 (Dec. 8) 1934. 


“Uveoparotid tuberculosis” is the name given to a condition charac- 
terized by inflammation of the uveal tract, enlargement of the parotid 
glands and in some cases paralysis of cranial nerves, usually the facial. 
Garland and Thomson, who suggested this name, reviewed forty-seven 
cases and concluded that the condition is a form of tuberculosis which 
runs a chronic course, with a definite tendency to recovery, and that if 
death occurs it is due to miliary tuberculosis. 

Tanner and McCurry have observed three cases, which they report 
in this article. The patients presented manifestations of uveitis preceded 
or followed by signs of parotitis. The symptoms developed rapidly, 
and while the eye changes persisted, the parotitis quickly subsided. 

While Garland and Thomson expressed the belief that tuberculosis 
is the main etiologic factor, case 2 is the only one of this series in which 
the tuberculous infection was definitely present. In case 1 there were 
some roentgenographic opacities of mediastinal adenitis. In case 3 the 
evidence was meager, but the family history and roentgen examination 
of the chest pointed to a tuberculous origin. 

The authors summarize their findings as follows: In case 1 the 
uveitis and parotitis (unilateral) were accompanied by facial paresis. 
optic neuritis and dysphagia. Mediastinal adenitis, probably tuberculous, 
was demonstrated. In case 2 uveitis, bilateral parotitis, and left-sided 
facial paresis occurred. A biopsy of the parotid gland gave definite evi- 
dence of tuberculosis, and there was also evidence of the same infection 
in the lungs. The third case showed extensive uveitis in both eyes lead- 
ing to blindness in one eye, unilateral parotitis and facial paresis ; there 
was a family history of tuberculosis as well as roentgenographic evidence 
of chronic pleurisy. 

A. KNAPP. 


NoTEs ON CONGLOMERATE TUBERCULOSIS OF THE UvEAL Tract. G. P. 
L’Ectorg, Ann. di ottal. e clin. ocul. 62: 779 (Sept.) 1934. 


L’Eltore describes the histologic changes in two eyes illustrating the 
two types of the condition described by La Grange. In the first case the 
changes were confined to the anterior segment; the pectinate ligament 
was involved and perforation of it had occurred. In the second case 
massive tuberculomas involved the whole choroid, extending into the 
vitreous and perforating the sclera posteriorly. In the first case none 
of the uveal tract back of the ora serrata was involved, while in the 
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second case the tissues anterior to this point were not involved. The 
sharp differentiation between the two types of cases according to the loca- 
tion of the disease is emphasized. L’Eltore believes that the ciliary 
muscle offers an important barrier to the spread of the disease. The 
article i ‘ ibliography. 

article includes a bibliography o & Got 


Fatty DEGENERATION AND INFILTRATION OF THE Uvea. P. A. 
Jaenscu, Arch, f. Ophth. 133: 517 (April) 1935. 


In the uvea it is difficult to distinguish between senile and pathologic 
fatty degeneration. In the pathologic form fat occurs in the walls 
of arteries and intracellularly as well as extracellularly in the stroma. 
Chromatophores, muscle and epithelial cells can also undergo fatty 
degeneration. In the ciliary body fat-laden cells and free fat are common. 
Various examples quoted by Jaensch show that the fat may have come 
from the blood stream and been stored in the uvea or may represent 
the remnants of necrotic tissue. There is a strong tendency to carry 
the fatty deposits away along and in the veins. This observation 
explains why in so many eyes, despite extensive necrosis of uveal 
tissue, no fat is found at the time of the pathologic examination. Enough 
time has elapsed before the enucleation to enable the surviving tissue 
elements to carry the fat away. The various forms of fatty degenera- 
tion and infiltration also occur in small children (in cases of vitreous 
abscess, metastatic ophthalmia or necrotic glioma). 


P. C. KRONFELD. 


CHOROIDITIS IN CASES OF LupuS ERYTHEMATOSUS. A. PiILLat, Arch. 
f. Ophth. 133: 566 (April) 1935. 


The eyes of forty-eight persons with lupus erythematosus were 
examined under cycloplegia; one third of them had choroiditic lesions. 
The lesions were usually located in the preequatorial portion of one 
eye only. These lesions were fresh in two and old in fourteen cases. 
They were well defined, moderately pigmented, and did not show any 
exposed large vessels of the outer layers of the choroid. Enough con- 
nective tissue apparently had been laid down to cover the structures 
of the outer layers which had not been destroyed by the inflammation. 
The Wassermann reaction was negative in all sixteen cases. Signs 
of tuberculous infection in other parts of the body were found in 
nearly all the patients. Pillat believes it justified to consider the choroid- 
itic lesions as tuberculous. The presence of tuberculous lesions in a large 
number of cases of lupus erythematosus is very significant and must 
be considered in connection with the question of the etiology of lupus 


erythematosus. P. C. KronFeLp 


Sympathetic Ophthalmia 
NoTES ON THE ALLERGY THEORY OF SYMPATHETIC OPHTHALMIA. 
J. S. FrrepENwALb, Am. J. Ophth. 17: 1008 (Nov.) 1934. 
Friedenwald states the following conclusions: 


_“(1) The characteristic histologic features of sympathetic ophthal- 
mia are compatible with the allergy theory of its etiology. 
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“(2) Phagocytosis of melanin granules by epithelioid cells and 
giant cells forms a prominent feature of the lesions of sympathetic 
ophthalmia in the uveal tract, in the episcleral tissues, and in the retina, 


and is absent or insignificant in other intra-ocular inflammatory 
diseases. 


“(3) The reaction in cases of sympathetic ophthalmia to the intra- 
dermal injections of uveal-pigment suspension has all the characteristics 
of the inflammatory reaction in the eye. 


“(4) The skin reaction of normal controls and of patients with non- 


sympathetic uveitis generally differs from that in cases of sympathetic 
ophthalmia. 


“(5) False positive reactions, however, were encountered, which 
make it necessary to conclude that, if allergy to uveal pigment is 
responsible for the characteristic lesions of sympathetic ophthal- 
mia, some other factor is required to release the uveal pigment from the 
melanophores, and make it available for the allergic reaction. 


“(6) A study of the Dalén-Fuchs nodules, which are characteristic 
of sympathetic ophthalmia, leads to the hypothesis that the additional 
factor required for the initiation of the inflammatory reaction is a 
proliferation of the intra-ocular melanophores. 


“(7) Based on this hypothesis, a suggestion is offered in regard 
to treatment, which has been found apparently effective in a limited 


series of cases.” 
W. S. REESE. 


TuHeE ETIOLOGY AND PATHOGENESIS OF IDIOPATHIC RETINAL DETACH- 
MENT IN SYMPATHETIC OPHTHALMIA. Y. Koyanaai, Arch. f. 
Ophth. 133: 559 (April) 1935. 


Koyanagi reports two cases of sympathetic ophthalmia in which 
retinal detachments developed in the exciting eye. There were no 
cyclitic membranes or signs of shrinkage of the vitreous. He infers 
that the detachment was caused by a transudate or an exudate develop- 
ing between the choroid and the retina and calls it “idiopathic.” This 
fluid is not produced by the choroid but, through a process of active 
secretion, by the pigmented epithelium. This secretory process is 


probably elicited by the sympathetic choroiditis. » © Sen 


) 


Therapeutics 


Optic ATROPHY AND MALARIA THERAPY. C. WESKAmpP, Ann. d’ocul. 
172: 449 (June) 1935. 


The optic nerves may react to syphilitic infection in two different 
ways: by inflammation with characteristic histologic syphilitic lesions or 
by atrophy with diffuse sclerotic lesions having specific characters. 

The two conditions give two characteristic syndromes which from an 
ophthalmoscopic point of view are absolutely different one from the 
other in their evolution, treatment and prognosis. In the inflammatory 
form, the parasite or its toxins work in situ, determining the nerve 
reaction, which is manifested by a neuralgia from a gumma of the optic 
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nerve. Antisyphilitic treatment is generally efficacious, and the prog- 
nosis depends on the thoroughness of treatment. 

In the atrophic form, the optic papillae are white and much dimin- 
ished, and the arteries are small without presenting any inflammatory 
evidence. Antisyphilitic treatment is not efficacious, no matter what 
form is employed. 

After observation of the improvement obtained in cases of dementia 
paralytica by malaria therapy, an attempt was made to put this into 
practice in simple atrophies of the optic nerve. Particulars of sixteen 
cases are given. The treatment was successful in atrophies of different 
degrees, and the results obtained have been maintained for more than 
three years; in the first case improvement has been maintained for seven 
years. Following the febrile treatment, Weskamp has given arsenic, 
bismuth and mercury. S H. McKee. 


EXPERIENCE IN AUTOHEMATOTHERAPY IN THE ANTERIOR CHAMBER 
IN TUBERCULOUS IRIDOocycLiTIs. P. Mata, Arch. de oftal. hispano- 
am. 35: 270 (May) 1935. 


After brief reference to a prior paper in which he detailed his 
pioneer results (in Spain) with Schieck’s method as not justifying 
definite conclusions, and after describing the needles he uses for the 
withdrawal of the aqueous and the injection of blood into the anterior 
chamber and his operative method, Mata reports his results in eleven 
cases of tuberculous iridocyclitis. His results were favorable, especially 
as regards the absorption of corneal deposits, the clearing of the 
turbidity of the aqueous and the disappearance of tuberculous iridic 
foci (when autohematotherapy was used in combination with tuberculin 
and gold therapy). 

In connection with the corneal and aqueous lesions in four of his 
eleven cases in which the general treatment was limited to hygienic 
and dietetic measures the favorable result obtained was comparatively 
slower. He has not found this method to influence vitreous turbidity, 
and the rapidity with which he obtained his favorable results was less 
than that reported by other observers; in only three cases was healing 
obtained in from eight to nine days; in seven it was obtained in from 
eleven to fourteen days; in the remainder, in over two weeks. 


C. E. Fintway. 
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Society Transactions 


Epitep By Dr. JoHN HERBERT WAITE 


ROYAL SOCIETY OF MEDICINE, LONDON 
SECTION ON OPHTHALMOLOGY 


Clinical Meeting, Dec. 13, 1935 


Mr. Ransom Picxkarp, C.B., M.S., President 


PROGRESSIVE EXTERNAL OPHTHALMOPLEGIA IN A CASE OF MYOPATHY. 
Dr. Purpon ManrtTIN. 


A man, aged 27, has for seven years noticed progressive bilateral 
ptosis without diplopia. The ptosis of the right eyelid prevents the 
patient from uncovering his right pupil. The pupils react well to light, 
and the accommodation is not impaired. There is wasting in the facial 


muscles and the muscles of the neck, shoulder girdle and upper part of 
the arms. 


REATTACHMENT OF DETACHED RIGHT RETINA AFTER EXTENSIVE 
OPERATION TO SEAL Up SEVEN Hotes. Mr. MontTaGvueE L. HINE. 


A man, aged 52, was seen nine months ago on account of a sudden 
failure of sight in the right eye. Ten days before the loss of sight he 
struck his head against a door. Examination revealed a large retinal 
detachment with seven holes. Eight months ago a strip of sclera 4 mm. 
broad, from 11 to 2:30 o'clock, was marked out and treated by dia- 
thermy. Ninety applications were made of a current of 60 milliam- 
peres. Nineteen punctures were made after the method of Safaf along 
the center of the strip in order to let out the subretinal fluid and seal 
the retina more completely. The external rectus, superior rectus and 
superior oblique muscles were raised on a hook but not divided. Vision 
has improved since the operation: right eye, 6/18; left eye, 6/12. 


Myectomy oF Lert INFERIOR Os_iguE Muscie. Mr. MONTAGUE 
L. HINe. 


Since an attack of pertussis at the age of 2 years the left eye of an 
8 year old girl has been turning upward. When she looks to the right, 
the deviation upward increases to its maximum. Myectomy of the left 


inferior oblique muscle was performed in October. Now the patient 
fuses well at the angle zero on the synoptophore and holds her eyes 
straight without glasses. 

DISCUSSION 


Dr. Gorpon Davinson: I performed a similar operation on a 
patient who had had right hyperphoria ever since an operation for 
frontal sinusitis with operative disturbance to the superior oblique 


muscle. I advanced the inferior rectus muscle, which did away with 
his trouble. 
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MyrecTOMY OF THE LEFT INFERIOR OBLIQUE MUSCLE FoR OCULAR 
TorTICOLLIs. Mr. MontaGcue L. HINEeE. 


In this boy of 8 years, the trouble probably was a weakness of the 
right superior rectus muscle with secondary overaction of the left 
inferior oblique muscle. Myectomy of the left inferior oblique muscle 


was performed, and the boy now holds his head straight and looks at 
one with straight eyes. 


EXCISION OF THE PALPEBRAL PORTION OF THE LEFT LACRIMAL GLAND. 
Mr. Mon TacGuE L. HIne. 


A young woman, aged 21, suffered from lacrimation in spite of 
patent lacrimal passages. The condition resisted every form of treat- 
ment for more than two years. Excision of a portion of the lacrimal 
gland has cured her. 

DISCUSSION 


Mr. LeicuHton Davies, Cardiff: Many years ago, in a case of 
persistent unilateral lacrimation in a young girl, I removed the upper 
portion of the lacrimal gland but did not obtain a satisfactory result. 


After waiting a year I removed the entire gland, still without good 
results. 


SUBACUTE COMBINED DEGENERATION OF SPINAL CorD IN PERNICIOUS 


ANEMIA WITH RETROBULBAR NeurITIS. Mr. MontaGcuE L. 
HINeE. 


This man, aged 63, since 1931 has been receiving intermittent treat- 
ment for pernicious anemia with the hemoglobin as low as 40 per cent. 
Liver therapy produced a good response. Two years later the sight 
began to fail, and last July the corrected vision was 6/24. Central 
scotomas for color were present in each eye, most marked for green. 
Last month the vision in each eye was down to 6/60, and there is now 
a definite central scotoma for red and green in each eye. The patient’s 


gait is spastic, his knee jerks are exaggerated, and he has a positive 
Romberg sign. 


INTRA-OcULAR Tumor. Mr. MontTaGueE L. HINE. 


A woman, aged 51, has had mistiness of vision and specks in front 
of the left eye for six months and from time to time flashes of light in 
the temporal portion of the left visual field. A cystic-looking dark mass 
in the lower nasal quadrant can be seen, and posterior to the mass is a 
retinal detachment. 

DISCUSSION 


Mr. CuarLes GOuLDEN: It has always been my feeling that in 
cases of tumor of the optic nerve, the proper procedure is to wait until 
the eye has become blind from secondary atrophy, and then to enucleate. 


Mr. HuMpHREY NEAME: Some years ago a case was reported of 
a mass inside the eye, and the mass was taken to be sarcoma, largely 
because it was opaque to transillumination. The eye was excised, and 
the mass was found to be a retinal cyst containing blood, the latter 
having rendered it opaque. I suggest that in the present case it is 
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possible to puncture the posterior part of the mass and see whether or 
not it contains fluid. If it bleeds very freely, one may be uncertain 
whether it is a cyst containing blood or a vascular growth. If little 
blood comes out, it is more likely to be a cyst than a vascular growth. 
If nothing comes out on puncture, one would regard it as a relatively 
nonvascular growth. 


CoRNEAL DysTROPHY WITH RELAPSING ATTACKS OF KERATITIS. Mr. 
T. Keitu Lyte. 


This man, aged 22, has suffered from recurrent attacks of severe 
pain behind both eyes since he was 9 years old. The ocular movements 
and the optic fundi are normal. The slit lamp shows numerous granu- 
lar dots in the deeper layers of the cornea and a thickening of the nerve 
fibers in the substantia propria. The Wassermann reaction is negative, 
and no abnormal cells are seen. 


DETACHMENT FOLLOWING SIMPLE EXTRACTION OF CATARACT. SIR 
RICHARD CRUISE. 


In this case a satisfactory extraction of cataract was carried out, 
and detachment of the retina followed. There was a very small hole, 
and I did a combined operation: two Safat punctures and trephination. 
The eye now has vision equal to 6/12. Three years ago, in Edinburgh, 
I expressed the belief that in too many cases detachment occurs subse- 
quently to uncomplicated straightforward extraction of cataract. I do 
not know whether aphakic eyes are more predisposed to this than others. 


To date my results have been successes. This question is worthy of a 
special discussion. I think detachments are due to a rare form of retin- 
itis which causes stretching, probably with cystic changes, and so the 
retina is predisposed to tears. 


EXcISION OF AN EYE witTH IMPLANTATION OF A FAT GRAFT IN 
TENON’s Capsuce. Mr. G. G. PENMAN. 


Three years ago I excised this eye and transplanted fat into Tenon’s 
capsule. The fat does not seem to shrink, and there is no fear of a 
glass globe’s breaking or coming out. 


Siperosis Butsi: A ForeiGN Bopy Removep. Mr. A. G. PALIn 
with Mr. J. E. CoGan. 


For two months the patient noticed gradually failing vision in his 
left eye, which had received a foreign body one year before. The left 
lens was then found to be cataractous, and siderotic changes were visible 
in the iris and beneath the capsule of the lens. The pupil was active. 
and there was no keratitis punctata. The tension was normal. The 
x-rays revealed an intra-ocular foreign body in the left eye. It was 
positive to the magnet, but full-strength magnets failed to dislodge it. 
Resection of the inferior rectus muscle was then carried out, and the 
foreign body was removed on the tip of a hand magnet. The recovery 
was uneventful, and the eye is now quiet. There has been no visible 


change in the degree of siderosis. Removal of the lens is being con- 
sidered. 
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CONGENITAL RETINAL BAND IN A CHILD. Mr. A. E. ILEs, Bristol. 


This child was brought to the Bristol Eye Hospital in 1930 because 
of a convergent squint in the left eye. The patient, at that visit, was 
too fractious for anything to be done. The parent was told to bring 
the child again in six weeks ; but I did not see the child until very recently. 
There is a tubular detachment of the retina, running from the disk to 
the periphery and spreading to the lens. 


DISCUSSION 

Miss IpA Mann: This is, if possible, a more typical example of 
congenital retinal fold than the case which Mr. Law and I described at 
the last meeting of the section. We are greatly indebted to Mr. Iles 


for having given us this opportunity of seeing the condition in a living 
patient. 


CASE OF SCLEROSING KERATITIS. Mr. JOHN ELLISON. 


This man had scleritis with sclerosing keratitis, which began five 
years ago, at first with a white vertical linear opacity in the cornea. 
The progress was slow. Vision was 6/6. Injections of tuberculin 
made little difference. We tried x-rays, which had little effect on the 
opacity. ¥ 





Book Reviews 


Bericht tiber die Tatigkeit der Univ. Augenklinik No. 1, Budapest, 
1904-1935. By Prof. Dr. Emil von Grosz. Pp. 49. Budapest: 
Kir Magy. Egyetemi Nyomda, 1935. 


Von Grosz is approaching the time when he has to retire from his 
teaching position in the University of Budapest on account of the age 
limit, and in this final report he reviews the thirty-one years during 
which he has conducted the clinic for diseases of the eye and notes down 
his observations. These are of great interest, as von Grdsz has been not 
only eminent in his contributions to ophthalmology but is well known 
as having been a most successful organizer and director of one of the 
largest and most active hospitals for diseases of the eye on the continent 
of Europe. 

After a short historical introduction on ophthalmology in Hungary, 
there is a chapter devoted to operations. These numbered 43,135 in the 
thirty-one years and are divided as follows: lens, 40 per cent; iris, 2 per 
cent ; foreign bodies, 5.6 per cent; muscles, 5.3 per cent; lacrimal sacs, 
etc. There were 14,765 operations for cataract, of which von Grosz 
performed more than 10,000. The method of extraction was extracap- 
sular and intracapsular. In the latter an iridectomy was done, a capsule 
forceps used and head-on delivery was effected by traction. The per- 
centage of loss of vitreous in the last thirty years is 2.4 per cent, 1 per 
cent in the extracapsular and 4 per cent in the intracapsular operation. 
Infection occurred in 1 per cent, which in recent years has been reduced 
to 0.4 per cent. Expulsive hemorrhage took place in 12 extractions, a 
proportion of about 1: 1,200; this accident was apparently more fre- 
quent since the introduction of retrobulbar injections. There were 1,200 
discissions performed subconjunctivally with Kuhnt’s knife, and the 
de Wecker iridocapsulotomy was done in 282 cases. There were 4,326 
patients with glaucoma. Among the 573 acute cases the greatest inci- 
dence occurred in January. Iridectomy was performed in 2,665 cases, 
trephining in 755, cyclodialysis in 1,006 and the Lagrange operation in 
168. 

In the cases of strabismus 1,100 advancements and about the same 
number of tenotomies were performed. Tenotomies have been done 
much less frequently in recent years, and a tenotomy is now done only 
as an adjuvant to advancement and in children with alternating squint 
and with equally good vision in both eyes. The type of advancement 
favored was a modification of the Verhoeff method. There were about 
120 operations for ptosis, at first according to the method of Pagen- 
stecher, then according to that of Hess; now the von Blaskovics opera- 
tion is practiced (resection of the levator and excision of the tarsus). 
Senile ectropion of the lower lid was operated on following the methods 
of Blaskovics or of Kuhnt, and in entropion of the upper lid tarsectomy 
was done. To correct large defects after extirpation of tumors or scars. 
the “Hungarian” method with curved flaps was preferred to free trans- 
plantation of skin. Iridotomy was done in cases of obliterated or 
updrawn pupil after operations for cataract or injuries, according to 
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de Wecker’s method of iridocapsulotomy. Two hundred and eighty- 
four of these operations were performed with good results; it is 
essential that the operation be postponed until the eye has quieted down. 

A very important function of the clinic was undergraduate instruc- 
tion. This consisted in demonstration clinics during two semesters, of 
seven and one-half hours a week, and three months’ work in a hospital 
for diseases of the eye during the practical duties of the year. The 
student is also trained in ophthalmoscopy, in methods of examination 
and in operations on the cadaver. 

The hospital is equipped with 136 beds, and in the outpatient depart- 
ment about 23,000 new patients are treated each year. Of the inpatients 
40 per cent suffer from cataract, 10 per cent from glaucoma and 15 per 
cent from injuries. 

The staff in the hospital consisted in addition to the director, of 1 
adjunct, 3 assistants, 3 assisting physicians, all of whom are salaried, 
and 3 assistants and 5 voluntary assistants. The assistants generally 
remain in the hospital for a number of years. 

For the scientific work there is a well equipped library and a depart- 
ment of bacteriology, of serology, of histology and of physical therapy. 

The time schedule is of interest. The director, with justice, believes 
that proper division of work assures its performance, and he has 
arranged the following hours: from 8:00 to 9:30 a. m., operations ; 
from 9:30 to 10:00, visits in the ward; from 10:00 to 1:00, work 
with outpatients ; from 11:00 to 12: 30, lecture, and 4: 00 to 8:00 p. m., 
case histories, laboratory work, treatment and courses in ophthalmoscopy 
and operations. Research is done in the early morning and late evening 
hours. Examinations are held on Saturday forenoon. 

This schedule entails much work for every one on the staff. “Should 
any one not have the energy or the desire to do his share, he is unsuited 
for work in a clinic” (von Grosz). 

ARNOLD KNAPP. 


The Cosmic Way to True Civilization Through Parenthood. By 


Dr. George H. Donahue. Pp. 68. Northport, Long Island: 
Edward Thompson Co., 1934. 


This little brochure written by the late Dr. George H. Donahue of 
Northport, Long Island, is in substance a serious and impassioned plea 
for the inculcation of principles of justice, toleration and humanity in 
the young by their parents. Donahue is convinced that in this way and 
only in this way the evils of bigotry, race prejudice, oppression and 
injustice can be banished from the minds and hearts of mankind. He 
firmly believes that ““This incitement of children to aim to establish such 
a sovereignty within themselves, to aim to achieve autonomy (selfhood ) 
will inevitably beget in all human relationships the bearing and the for- 
bearing patience of a Job; the inspirational wisdom of a Socrates; the 
boundless love of the man Jesus; and Peace will come on earth in per- 
petuity.” Surely an enlightened, humane and beautiful ideal which must 
appeal to all who have, like Donahue, the happiness and improvement of 
mankind at heart, however much one may deplore the fact or the proba- 
bility that this consummation, however devoutly to be wished, is unfor- 


tunately nowhere in sight. 
y 8 Percy FRIDENBERG. 
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INTERNATIONAL 


INTERNATIONAL ASSOCIATION FOR PREVENTION OF BLINDNESS 


President: Prof. F. de Lapersonne, 217 Faubourg St. Honoré, Paris. 


Secretary-General: Prof. M. Van Duyse, Université de Gand, Gand, Prov. Ost- 
flandern, Belgium. 


INTERNATIONAL OPHTHALMOLOGIC CONGRESS 


Secretary: Dr. E. Marx, Costzeedijk 316, Rotterdam, Holland. 
Place: Cairo. Time: December 1937. 


FOREIGN 


British MEDICAL ASSOCIATION, SECTION ON OPHTHALMOLOGY 


President: Dr. P. E. H. Adams, 6, Holywell, Oxford. 
Secretary: Dr. Thomasina Belt, 13, Mitchell Ave., Jesmond, Newcastle-on-Tyne. 
Place: Oxford. Time: July 22-24, 1936. 


OPHTHALMOLOGY SOCIETY OF BOMBAY 
President: Dr. D. D. Sathaye, 127 Girgaum Road, Bombay 4. 
Secretary: Dr. H. D. Dastur, Dadar, Bombay 14. 
Place: H. B. A. Free Ophthalmic Hospital, Parel, Bombay 12. Time: First 
Friday of every month. 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 


President: Mr. R. Foster Moore, 53, Harley St., London, W. I. 
Secretary: Miss Ida Mann, 7, Wimpole St., London, W. I. 


OxForD OPHTHALMOLOGICAL CONGRESS 


Master: Dr. C. G. Russ Wood, Hill House, Abberbury Rd., Iffley, Oxford, 
England. 


Hon. Secretary-Treasurer: Dr. F. A. Anderson, 12 St. John’s Hill, Shrewsbury, 
England. 


Royat Society oF MEDICINE, SECTION OF OPHTHALMOLOGY 
President: Dr. Ransom Pickard, 31, East Southernhay, Exeter, England. 
Secretary: Dr. A. Rugg-Gunn, 35, Harley St., London, W. 1. 


Société FRANCAISE D’'OPHTHALMOLOGIE 
Secretary: Dr. René Onfray, 6 avenue de la Motte Picquet, Paris 7é. 


Society OF SWEDISH OPHTHALMOLOGISTS 
President: Prof. F. Berg, Uppsala, Sweden. 


Secretary: Dr. K. O. Granstrém, Sddermalmstorg 4 III tr., Stockholm, Sé., 
Sweden. 


GERMAN OPHTHALMOLOGICAL SOCIETY 
Secretary: Prof. A. Wagenmann, Heidelberg. 


CHINESE OPHTHALMOLOGICAL SOCIETY OF PEIPING 
President: Dr. H. T. Pi, Peiping Union Medical College, Peiping. 
Secretary: Dr. C. K. Lin, 180 Hsi-Lo-yen, Chienmeng, Peiping. 


Place: Peiping Union Medical College, Peiping. Time: Last Friday of each 
month. 


* Secretaries of societies are requested to furnish the information necessary to 
make this list complete and to keep it up to date. 
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TSINAN OPHTHALMOLOGICAL SOCIETY 
Chairman: Dr. Eugene Chan, Cheeloo University School of Medicine, Tsinan, 
Shantung. 
Place: Cheeloo University School of Medicine. Time: Last Thursday of alter- 
nate months. 


NATIONAL 


AMERICAN MEDICAL ASSOCIATION, SCIENTIFIC ASSEMBLY, SECTION ON 
OPHTHALMOLOGY 
Chairman: Dr. John Green, 3720 Washington Blvd., St. Louis. 
Secretary: Dr. Parker Heath, 1553 Woodward Ave., Detroit. 
Place: Kansas City, Mo.: Time: May 11-15, 1936. 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. Frank E. Burch, 408 Peter St., St. Paul. 
Executive Secretary-Treasurer: Dr. William P. Wherry, 1500 Medical Arts Bldg., 
Omaha. 


Place: New York. Time: Sept. 26 to Oct. 3, 1936. 


AMERICAN OPHTHALMOLOGICAL SOCIETY 
President: Dr. L. S. Greene, 1710 Rhode Island Ave., N. W., Washington, D. C., 
Secretary-Treasurer: Dr. J. Milton Griscom, 2213 Walnut St., Philadelphia. 
Place: Hot Springs, Va. Time: June 1-3, 1936. 


NATIONAL SOCIETY FOR THE PREVENTION OF BLINDNESS 


President: Mr. William Fellowes Morgan, 50 W. 50th St., New York. 
Managing Director: Mr. Lewis H. Carris, 50 W. 50th St., New York. 


SECTIONAL 


New ENGLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. James J. Regan, 520 Commonwealth Ave., Boston. 
Secretary-Treasurer: Dr. Benjamin Sachs, 483 Beacon St., Boston. 
Place: Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston, Time: 
8 p. m., third Tuesday of each month from November to April, inclusive. 


Paciric Coast OTO-OPHTHALMOLOGICAL SOCIETY 
President: Dr. H. G. Merrill, 3245 4th St., San Diego, Calif. 
Secretary-Treasurer: Dr. Frederick C. Cordes, 384 Post St., San Francisco. 
Place: Del Monte, Calif. Time: Spring, 1936. 


Pucet Sounp ACADEMY OF OPHTHALMOLOGY AND OTOo-LARYNGOLOGY 


President: Dr. L. H. Klemptner, 509 Olive St., Seattle. 
Secretary-Treasurer: Dr. Purman Dorman, Virginia Mason Hospital, Seattle. 
Place: Seattle. Time: January 1937. 


Rock River VALLEY Eye, Ear, Nose anno THroat SOcIEety 


President: Dr. W. R. Fringer, 228 S. Main St., Rockford, III. 

Secretary-Treasurer: Dr. W. H. Elmer, 321 W. State St., Rockford, II. 

Place: Rockford, Ill., Janesville or Beloit, Wis. Time: Third Tuesday of each 
month. 


SaGINAW VALLEY ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Robert Griswell, 707 Washington Ave., Bay City, Mich. 
Secretary-Treasurer: Dr. W. K. Slack, 308 Eddy Bldg., Saginaw, Mich. 

Place: Saginaw, Mich., or Bay City, Mich. Time: Second Tuesday of each 
month, except July and August. 
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Sioux VALLEY Eye AND Ear ACADEMY 


President: Dr. L. H. Hohf, Yankton, S. D. 
Secretary-Treasurer: Dr. J. C. Decker, Francis Bldg., Sioux City, Iowa. 


SouTHERN MEDICAL ASSOCIATION, SECTION ON Eye, Ear, NoSE AND THROAT 


Chairman: Dr. William A. Wagner, 914 American Bank Bldg., New Orleans. 
Secretary: Dr. O. M. Marchman, Medical Arts Bldg., Dallas, Texas. 


SOUTHWESTERN MICHIGAN TRIOLOGICAL SOCIETY 


President: Dr. O. B. McGillicuddy, 1908 Capitol Band Tower, Lansing, Mich. 
Secretary-Treasurer: Dr. Maurice C. Loree, 120 W. Hillsdale St., Lansing, Mich. 
Time: Third Thursday of alternate months. 


WESTERN PENNSYLVANIA Eye, Ear, Nos—E AND THROAT SOCIETY. 


President: Dr. Leslie R. Hazlett, 100 S. Main St., Butler. 
Secretary-Treasurer: Dr. C. W. Beals, 41 N. Brady St., DuBois. 


STATE 


CoLtorADO OPHTHALMOLOGICAL SOCIETY 
President: A presiding officer is selected for each meeting alternately until al) 
members have served. 
Secretary: Dr. Edna M. Reynolds, 227, 16th St., Denver. 


Place: Capitol Life Building, Denver. Time: 7:30 p. m., third Saturday of the 
month, October to April, inclusive. 


ConneEcTICUT STATE MepicaL Society, SECTION ON EYE, 
Ear, NosE AND THROAT 
President: Dr. George B. Garlick, 144 Golden Hill St., Bridgeport. 


Secretary-Treasurer: Dr. Shirley H. Baron, 309 State St., New London. 
Time: May, November. 


Eye, Ear, Nose AND THROAT CLUB OF GEORGIA 
President: Dr. B. H. Minchew, 701 Elizabeth St., Waycross, Ga. 


Secretary-Treasurer: Dr. Edward S. Wright, 1001 Medical Arts Bldg., Atlanta, Ga. 
Place: Savannah. Time: May 12-15, 1936. 


INDIANA ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. J. R. Dillinger, French Lick. 


Secretary: Dr. Frederick V. Overman, 705 Hume-Mansure Bldg., Indianapolis. 
Place: Martinsville. Time: April 8, 1936. 


Iowa ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. Edwin Cobb, 307 Masonic Temple, Marshalltown. 
Secretary-Treasurer: Dr. O. L. Thorburn, 21314 Main St., Ames. 
Place: Marshalltown. Time: September 1936. 


MicH1GAN STATE MepicaL Society, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 
Chairman: Dr. Parker Heath, 1553 Woodward Ave., Detroit. 
Secretary: Dr. D. R. Heetderks, 26 Sheldon Ave., S. E., Grand Rapids. 


MINNESOTA ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. H. E. Binger, 350 St. Peter St., St. Paul. 
Secretary-Treasurer: Dr. Walter E. Camp, Medical Arts Bldg., Minneapolis. 
Place: St. Paul. Time: May 1936. 
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MonTANA ACADEMY OF OTO-OPHTHALMOLOGY 
President: Dr. George A. Lewis, Roundup. 

Secretary: Dr. A. W. Morse, Phoenix Bldg., Butte. 

Place: Billings. Time: February 1936. 





New Jersey STaTE Mepicat Society, SECTION ON OPHTHALMOLOGY, 
OTOLOGY AND RHINOLARYNGOLOGY 


Chairman: Dr. C. Coulter Charlton, 124 S. Illinois Ave., Atlantic City. 
Secretary: Dr. H. L. Harley, 124 S. Indiana Ave., Atlantic City. 








New YorK State Mepicat Society, Eye, Ear, Nose AND THROAT SECTION 


Chairman: Dr. John F. Fairbain, 925 Delaware Ave., Buffalo. 
Secretary: Dr. Walter S. Atkinson, 168 Sterling St., Watertown. 








NortH Dakota ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. Trygve Oftedal, 5514 Broadway, Fargo. 
Secretary-Treasurer: Dr. F. L. Wicks, 514 6th St., Valley City. 
Place: Jamestown. Time: May 1936. 








OrEGON ACADEMY OF OPHTHALMOLOGY AND OtTO-LARYNGOLOGY 
President: Dr. A. B. Dykman, Medical Dental Bldg., Portland. 

Secretary-Treasurer: Dr. Andrew J. Browning, 418 Mayer Bldg., Portland. 
Place: Good Samaritan Hospital. Time: Third Tuesday of each month. 








Ruope IsLanD OPHTHALMOLOGICAL AND OTOLOGICAL SOCIETY 
Acting President: Dr. Nathan Bolotow, 108 Waterman St., Providence. 
Secretary and Treasurer: Dr. Gordon J. McCurdy, 122 Waterman St., Providence. 
Place: Rhode Island Medical Library. Time: 8:30 p. m., second Thursday in 
October, December, February and April. 





SoutH CAROLINA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. R. E. Houston, 103 E. North St., Greenville. 
Secretary: Dr. J. W. Jervey Jr., 101 Church St., Greenville. 





TENNESSEE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. W. W. Potter, 601 Walnut St., Knoxville. 
Secretary-Treasurer: Dr. W. D. Stinson, 248 Madison Ave., Memphis. 





TEXAS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. T. E. Fuller, 100 W. Board St., Texarkana, Texas. 
Secretary: Dr. O. M. Marchman, 1719 Pacific Ave., Dallas. 












UtaH OPHTHALMOLOGICAL SOCIETY 
President: Dr. V. P. White, 143% S. Main St., Salt Lake City. 


Secretary-Treasurer: Dr. E. B. Fairbanks, Boston Bldg., Salt Lake City. 
Time: Third Monday of each month. 





Vircrnta Society oF OTo-LaryNGOLOGY AND OPHTHALMOLOGY 
President: Dr. Emory Hill, 501 E. Franklin St., Richmond. 
Secretary-Treasurer: Dr. George G. Hankins, Medical Arts Bldg., Newport News. 
Place: Richmond. Time: May 1936. 


West Vircinta State Menpicat AssociaTION, Eye, Ear, Nose 
AND THROAT SECTION 


President:' Dr. F. O. Marple, First Huntington National Bank Bldg., Huntington. 
Secretary: Dr. J. E. Blaydes, First National Bank, Bluefield. 
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LOCAL 


ACADEMY OF MEDICINE OF NorTHERN New Jersey, SECTION 
on Eye, Ear, Nose AND THROAT 
President: Dr. B. E. Failing, 31 Lincoln Park, Newark, N. J. 
Secretary: Dr. A. Russell Sherman, 671 Broad St., Newark, N. J. 


Place: 91 Lincoln Park South, Newark. Time: 8:45 p. m., second Monday of 
each month, October to May. 


ATLANTA Eye, Ear, Nose anp THROAT SOCIETY 
President: Dr. William O. Martin Jr., 478 Peachtree St., Atlanta, Ga. 
Secretary: Dr. A. V. Hallum, 478 Peachtree St., Atlanta, Ga. 
Place: Academy of Medicine, 38 Prescott St. Time: Second Friday of each 
month from October to May. 


BALTIMORE MepicaL Society, SECTION ON OPHTHALMOLOGY 
Chairman: Dr. William M. Rowland, 906 Cathedral St., Baltimore. 
Secretary: Dr. Mary L. Small, 18 W. Read St., Baltimore. 
Place: Medical and Chirurgical Faculty, 1211 Cathedral St. Time: 8:30 p. m., 
fourth Thursday of each month from October to May. 


BROOKLYN OPHTHALMOLOGICAL SOCIETY 
President: Dr. John H. Bailey, 855 St. Marks Ave., Brooklyn. 
Secretary-Treasurer: Dr. George Freiman, 703 Grand St., Brooklyn. 
Place: Kings County Medical Society Bldg., 1313 Bedford Ave. Time: Third 
Thursday in February, April, May, October and December. 


BuFFALO OPHTHALMOLOGIC CLUB 
President: Dr. Thurber LeWin, 112 Linwood Ave., Buffalo. 


Secretary-Treasurer: Dr. I. J. Koenig, 40 North St., Buffalo. 
Time: Second Thursday of each month. 


CHATTANOOGA Society OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Each member, in alphabetical order. 
Secretary: Dr. A. H. Benz, 706 Medical Arts Bidg., Chattanooga. 


Place: Mountain City Club. Time: Second Thursday of each month from 
September to May. 


CHICAGO OPHTHALMOLOGICAL SOCIETY 
President: Dr. Robert B. Blue, 25 E. Washington St., Chicago. 
Secretary-Treasurer: Dr. Thomas D. Allen, 122 S. Michigan Ave., Chicago. 
Place: Medinah Michigan Avenue Club, 505 N. Michigan Ave. Time: Third 
Monday of each month from October to May. 


CLEVELAND ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 
Chairman: Dr. A. D. Ruedemann, 2020 E. 93d St., Cleveland. 
Secretary: Dr. Fred W. Dixon, 1029 Rose Bldg., Cleveland. 
Place: Winton Hotel. Time: Fourth Friday of each month. 


CLEVELAND OPHTHALMOLOGICAL CLUB 


Chairman: Dr. A. B. Bruner, 629 Euclid Ave., Cleveland. 
Secretary: Dr. M. W. Jacoby, Hanna Bldg., Cleveland. 


CoLLEGE OF PHYSICIANS, PHILADELPHIA, SECTION ON OPHTHALMOLOGY 
Chairman: Dr. John Milton Griscom, 2213 Walnut St., Philadelphia. 
Clerk: Dr. Alexander G. Fewell, 1924 Pine St., Philadelphia. 
Time: Third Thursday of every month from October to April, inclusive. 
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CoLuMBUS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


Chairman: Dr. F. W. Thomas, 327 E. State St., Columbus, Ohio. ts 
Secretary-Treasurer: Dr. H. D. Emswiler, 370 E. Town St., Columbus, Ohio. va 
Place: Athletic Club. Time: First Monday of each month. 





Dattas ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. F. H. Newton, Mercantile Bldg., Dallas, Texas. 

Secretary: Dr. Maxwell Thomas, 1719 Pacific Ave., Dallas, Texas. 

Place: Dallas Athletic Club. Time: 6:30 p. m., first Tuesday of each month 
from October to June. The November, January and March meetings are 
devoted to clinical work. 




















Des Mornes ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. E. G. Linn, 604 Locust St., Des Moines, Iowa. 
Secretary-Treasurer: Dr. Grace Doane, 614 Bankers Trust Bldg., Des Moines, 
Iowa. 


Time: 7:45 p. m., third Monday of every month, September to May. 





DETROIT OPHTHALMOLOGICAL CLUB 
Chairman: Members rotate alphabetically. 

Secretary: Dr. Raymond S. Goux, David Whitney Bldg., Detroit. 
Time: 6:30 p. m., first Wednesday of each month. 





EasTERN New York Eye, Ear, Nose anp THROAT ASSOCIATION 
President: Dr. A. W. Greene, 148 Barrett St., Schenectady. 

Secretary-Treasurer: Dr. Joseph L. Holohan, 317 State St., Albany. 
Time: Third Wednesday in October, November, March, April, May and June. 









Fort Worth Eye, Ear, Nos—E AND THROAT SOCIETY 
President: Dr. T. L. Goodman, 602 W. 10th St., Fort Worth, Texas. 
Secretary-Treasurer: Dr. Van D. Rathgeber, 1012 Medical Arts Blidg., Fort 


Worth. Pi 
Place: Medical Hall, Medical Arts Bldg. Time: 7: 30 p. m., first Friday of each es 


month except July and August. ! : 








Granp Rapips Eye, Ear, Nose anp THROAT SOCIETY 
President: Dr. John H. McRae, 26 Sheldon Ave., S. E., Grand Rapids, Mich. 
Secretary-Treasurer: Dr. Robert G. Laird, 307 Metz Bldg., Grand Rapids, Mich. 


Place: Various local hospitals. Time: Third Thursday of alternating months. 
September to May. 












Houston ACADEMY OF MEDICINE, Eye, Ear, Nose AND 
THROAT SECTION 
President: Dr. R. M. Hargrove, 1202 Esperson Bldg., Houston, Texas. 
Secretary: Dr. J. C. Dickson, 1617 Medical Arts Bldg., Houston, Texas. 
Place: Medical Arts Bldg., Harris County Medical Society Rooms. Time: 
8 p. m., second Thursday of each month from September to June. 





INDIANAPOLIS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 
President: Dr. J. C. Daniel, 23 E. Ohio St., Indianapolis. 
Secretary: Dr. Kenneth L. Craft, 23 E. Ohio St., Indianapolis. 


Place: University Club. Time: 6:30 p. m., second Thursday of each month 
from October to May. 
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Kansas City Society OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. H. B. Davis, 1101 Grand Ave., Kansas City, Mo. 
Secretary: Dr. Byron Black, Professional Bldg., Kansas City, Mo. 
Time: Third Thursday of each month from September to May. The November, 
January and March meetings are devoted to clinical work. 


Lone BeacnH Eye, Ear, Nose AND THROAT SOCIETY 
Chairman: Dr. Clyde E. Harner, 110 Pine Ave., Long Beach, Calif. 
Secretary-Treasurer: Dr. Paul T. Southgate, 704 Professional Bldg., Long Beach, 
Calif. 


Place: Professional Bldg. Time: Last Wednesday of each month from October 
to May. 


Los ANGELES SOCIETY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. Walter R. Crane, 756 S. Broadway, Los Angeles 
Secretary-Treasurer: Dr. Pierre Viole, 1930 Wilshire Blvd., Los Angeles. 
Place: Los Angeles County Medical Association Bldg., 1925 Wilshire Blvd., Time: 

6:30 p. m., fourth Monday of each month from September to May, inclusive. 


LouIsvILLE Eye, Ear, NosE AND THROAT SOCIETY 
President: Dr. E. A. Leggett, 614 Breslin Bldg., Louisville, Ky. 
Secretary-Treasurer: Dr. J. E. Craddock, 604 Breslin Bldg., Louisville, Ky. 


Place: Jewish Hospital. Time: 6:30 p. m., second Thursday of each month from 
September to May, inclusive. 


MEDICAL Society OF THE District oF CoLuMBIA, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 
Chairman: Dr. Arthur M. Zinkham, 815 Connecticut Ave., Washington. 
Secretary: Dr. E. J. Cummings, 1835 I St., N. W., Washington. 
Place: 1718 M St., N. W. Time: 8 p. m., third Friday of each month from 
October to April, inclusive. 


MEMPHIS SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Each member, in alphabetical order. 
Secretary: Dr. R. O. Rychener, 130 Madison Ave., Memphis, Tenn. 
Place: Eye Clinic of Memphis Eye, Ear, Nose and Throat Hospital. Time: 
8 p. m., second Tuesday of each month. 


MILWAUKEE OtT0-OPHTHALMIC SOCIETY 
President: Dr. Hilmar G. Martin, 231 W. Wisconsin Ave., Milwaukee. 
Secretary-Treasurer: Dr. Herbert G. Schmidt, 238 W. Wisconsin Ave., Milwaukee. 
Place: University Club. Time: 6 p. m., second Tuesday of each month. 


MINNEAPOLIS OPHTHALMOLOGICAL SOCIETY 
Chairman: Each member in alphabetical order. 
Secretary: Dr. C. W. Rucker, 527 Medical Arts Bldg., Minneapolis. 
Place: Hennepin County Medical Society rooms. Time: 6:30 p. m., fourth 
Monday of each month, October to May, inclusive. 


MONTGOMERY County MEDICAL SOCIETY 
Chairman: Dr. W. J. Blackburn, 663 Reibold Bldg.,- Dayton, O. 
Secretary-Treasurer: Dr. F. J. Driscoll, 986 Reibold Bldg., Dayton, O. 


Place: Van Cleve Hotel. Time: 6:30 p. m., bimonthly, first Tuesday from 
October to June, inclusive. 
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MONTREAL OPHTHALMOLOGICAL SOCIETY 
President: Dr. J. A. MacMillan, 1410 Stanley St., Montreal, Canada. 
Secretary: Dr. A. L. Guertin, 410 Sherbrooke St., West, Montreal, Canada. 
Time: Second Thursday of October, December, February and April. 


NASHVILLE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. Kate S. Zerfoss, 119, 7th Ave., N., Nashville, Tenn. 
Secretary-Treasurer: Dr. Fowler Hollabaugh, Doctors Bldg., Nashville, Tenn. 
Place: St. Thomas Hospital. Time: 8 p. m., third Monday of each month from 
October to June. 





New ORLEANS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 
President: Dr. R. H. Fisher, Chess and Checker Club, New Orleans. 
Secretary-Treasurer: Dr. H. F. Brewster, 837 Gravier St., New Orleans. 
Place: Eye, Ear, Nose and Throat Hospital. Time: Third Thursday of each 
month from October to June. 





New York ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 


Chairman: Dr. John H. Dunnington, 30 W. 59th St., New York. 
Secretary: Dr. LaGrand H. Hardy, 30 E. 40th St.,, New York. 
Time: 8:30 p. m., third Monday of every month from October to May, inclusive. 


OMAHA AND CounciIL BLUFFS OPHTHALMOLOGICAL AND 
OTOo-LARYNGOLOGICAL SOCIETY 

President: Dr. John H. Judd, 107 S. 17th St., Omaha. 

Secretary-Treasurer: Dr. W. A. Cassidy, 107 S. 17th St., Omaha 

Place: Omaha Club, 20th and Douglas Sts... Omaha. Time: 6 p. m., dinner; 

7 p. m., program; third Wednesday of each month from October to May. 







PASSAIC-BERGEN OPHTHALMOLOGICAL CLUB 
President: Dr. E. C. Reynolds, 657 Main Ave., Passaic, N. J. 

Secretary-Treasurer: Dr. T. A. Sanfacon, 80 Park Ave., Paterson, N. J. 

Place: Paterson Eye and Ear Infirmary. Time: 9 p. m., last Friday of every 

month, except June, July and August. 3 













PHILADELPHIA County Mepicat Society, Eye Section 
Chairman: Dr. Charles R. Heed, 1205 Spruce St., Philadelphia. 
Secretary: Dr. Sidney L. Olsho, 235 S. 15th St., Philadelphia. 
Time: First Thursday of each month from October to May. 









PITTSBURGH OPHTHALMOLOGICAL SOCIETY 
President: Dr. Glendon E. Curry, Westinghouse Bldg., Pittsburgh. 

Secretary: Dr. George H. Shuman, Park Bldg., Pittsburgh. 

Place: Pittsburgh Academy of Medicine Bldg. Time: Fourth Monday of each 
month, except June, July, August and September. 











PittspurcH S.it-Lamp Society 
President: Dr. W. W. Blair, 121 University P1., Pittsburgh. 
Secretary: Dr. George H. Shuman, Park Bldg., Pittsburgh. 
Place: Falk Clinic. Time: 4 p. m., second Friday of every month, except June, 
July, August and September. 





RICHMOND OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 
President: Dr. Robert H. Courtney, Professional Bldg., Richmond, Va. 

Secretary: Dr. Richard W. Vaughan, Medical Arts Bidg., Richmond, Va. 
Place: Westmoreland Club. Time: 6 p. m., second Monday of each month from 
October to May. 
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RocHester Eye, Ear, Nos— AND THROAT SOCIETY 


President: Dr. R. E. Elliott, 78 S. Fitzhugh St., Rochester, N. Y. 

Secretary-Treasurer: Dr. Raphael Farber, 280 Monroe Ave., Rochester, N. Y, 

Place: Rochester Medical Association, 113 Prince St. Time: 8 p. m., third 
Monday of each month from October to May. 


St. Louris OPHTHALMIC SOCIETY 


President: Dr. Meyer Wiener, 308 N. 6th St., St. Louis. 

Secretary: Dr. W. M. James, Metropolitan Bldg., St. Louis. 

Place: Oscar Johnson Institute. Time: Clinical meeting 5:30 p. m., dinner and 
scientific meeting 6:30 p. m., fourth Friday of each month from October to 
April, inclusive, except December. 


San ANTONIO OPHTHALMOLO-OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. William D. Gill, 323 Medical Arts Bldg., San Antonio, Texas. 

Secretary-Treasurer: Dr. Frank Steed, Nix Professional Bldg., San Antonio, 
Texas. 

Place: Bexar County Medical Library. Time: 8 p. m., first Tuesday of each 
month from October to May. 


San Francisco County Mepicat Society, SEcTION on Eve, 
Ear, Nos—E AND THROAT 
Chairman: Dr. Frank H. Rodin, 490 Post St., San Francisco. 
Secretary: Dr. Louis F. Morrison, 490 Post St., San Francisco. 
Place: Society’s Building, 2180 Washington St., San Francisco. 
Time: Fourth Tuesday of every month except May, June, July and December. 


SHREVEPORT Eve, Ear, NosE AND THROAT SOCIETY 


President: Dr. John T. Crebbin, 624 Travis St., Shreveport, La. 

Secretary-Treasurer: Dr. J. A. Wilkinson, Medical Arts Bldg., Shreveport, La. 

Place: 1240 Texas Ave. Time: 7:30 p. m., first Monday of every month 
except July, August and September. 


SPOKANE ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. S. D. Brazeau, 407 Riverside Ave., Spokane, Wash. 


Secretary: Dr. J. B. Stone, 1105 Paulsen Medical and Dental Bldg., Spokane, 
Wash. 


Place: Paulsen Medical and Dental Library. Time: 8 p. m., fourth Tuesday of 
each month except June, July and August. 


Syracuse Eve, Ear, Nose anp THROAT SOCIETY 


President: Dr. Arnold B. Kauffman, 104 W. Onondaga St., Syracuse, N. Y. 
Secretary-Treasurer: Dr. W. J. Werfelman Jr., 725 State Tower Bldg., Syracuse, 
| A 


Place: University Club. Time: Second Friday of each month except June, July 
and August. : 


Toronto ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Chairman: Dr. Samuel Mortimer Lyon, 122 Bloor St. W., Toronto. 
Secretary: Dr. A. Lloyd Morgan, 8 Bloor St., West, Toronto. 

Time: First Monday, November to April. 


Wasaincton, D. C., OpHTHALMOLOGICAL SOCIETY 


President: Dr. James M. Greear Jr., 1740 M St., N. W., Washington, D. C. 

Secretary-Treasurer: Dr. Ernest Sheppard, 927 17th St., Washington, D. C. 

Place: Episcopal Eye, Ear and Throat Hospital. Time: 8 p. m., first Monday 
in November, January, March and May. 








